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INTRODUCTION 
The increased interest in early weaning of baby pigs in 
recent years has focused considerable attention to develop­
ment of rations for young pigs. Catron et al. (1953) 
successfully reared pigs weaned at two and three days of age 
on synthetic milk rations. Dry rations were successfully 
developed for pigs weaned at one to two weeks of age by 
Crane (1953), Speer et al. (1954) and Crampton and Ness 
(195^ ). These dry rations had high levels of dried skimmilk 
as the principal protein source and mostly simple sugars as 
the carbohydrate source. 
Since dried skimmilk is an expensive protein source and 
its increasing demands in human nutrition may limit its 
availability for animal feeding in the near future, other 
sources of protein for baby pigs have been investigated. 
Among these was soya protein. Lewis et al. (1955b) observed 
that growth was poor in baby pigs weaned at eight days of 
age and fed rations containing soybean protein as the only 
protein source, when compared to pigs on a ration with milk 
as the source of protein. Food intake of the pigs on the 
soya protein was as high as that in pigs on the dried 
skimmilk diet, which indicates that the poorer growth of 
pigs on the soya protein rations was not due to lower 
palatibility of these rations. 
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In studying the effects of levels of dried skimmilk on 
baby pig performance Hudman et al. (1955) observed a linear 
increase in both gains and feed efficiency by increasing 
levels of dried skimmilk at 0, 20 and 40 percent of the 
ration. In feeding fractions of dried skimmilk it was found 
that both the casein and lactose fractions contributed to the 
increase in pig performance over soya protein-starch diets. 
By proteolytic enzyme supplementation Lewis et al. 
(1955a) presented evidence of proteolytic enzyme insuffi­
ciency in the baby pig in digestion of soya protein. Enzyme 
supplementation improved growth rate and feed conversion of 
pigs fed a soya protein ration. 
Lewis et al. (1957) found that proteolytic enzyme 
activity in stomach tissue of baby pigs was very low from 
birth to two weeks of age and then increased quite rapidly 
to six weeks of age. Proteolytic enzyme activity in 
pancreatic tissue was found to be relatively constant 
throughout this age period. Hartman et al. (1957), working 
with littermate pigs of which one-half of the pigs nursed 
their dams and one-half were weaned on a dry ration at one 
week of age, found that the proteolytic enzyme concentra­
tions in both stomach and pancreatic tissues increased with 
age from birth to eight weeks of age. Ration treatment did 
not affect enzyme concentration in the tissues. 
Since most of the work done on proteolytic enzymes in 
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baby pig nutrition involved animal enzymes, this research 
was conducted to study the effects of proteolytic enzymes 
of bacterial and fungal origins on performance of baby pigs 
fed soya protein rations. Included in this study were the 
supplementation of proteolytic enzymes at various levels to 
soya protein rations and the feeding of soya protein which 
had been predigested by enzymes. 
4 
REVIEW OF LITERATURE 
Since only limited amounts of information concerning 
swine could be found directly related to this study, this 
literature review has been broadened to include the young 
of other species. It is recognized that both differences 
and similarities exist between the pig and other species in 
relation to this study. 
Feeding of Enzymes 
Schmidt et al. (1937) administered enteric coated 
pancreatin tablets orally to depancreatinized dogs placed 
on a lean beef diet of 200 or 600 grams daily. Chemical 
analysis showed that pancreatin was effective in reducing 
nitrogen anc. fat losses in the feces by 60 and 59 percent, 
respectively, with no differences in losses due to food in­
take. They concluded that fecal losses of nitrogen and fat 
can be reduced by feeding pancreatin to dogs having achylia 
pancreatica. Increased digestion of protein, but not fat, 
in depancreatinized dogs due to addition of enteric coated 
pancreatin was also reported by Selle and Moody (1937). 
Arnold et al. (1951) starved young rats for 24 hours, 
fed the rats a casein-glucose food mixture with either 
active or inactivated papain, and sacrificed the rats 2.5 
hours after feeding. Active papain increased protein 
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digestion in the rats by 1.5 to 2.1 times. 
Davison (1542) treated 23 infants suffering from di­
gestive disturbances with pancreatin and in 16 cases ob­
served increased weight gains with improvement of appetite 
and reduction in number of stools. No benefit or harm was 
obtained in seven cases in which severe infection accompanied 
the diarrhetic condition. 
In calves Williams and Knodt (1951) found that addition 
of papain and pancreatin to a milk replacer was deleterious, 
in that growth was poor, feed consumption was low and de­
hydration and intestinal degeneration were evident on post 
mortem examination of two fatalities. No control ration was 
used in this experiment. Ratcliff et al. (1956) failed to 
improve weight gains or feed consumption in young dairy 
calves by supplementing the ration with pepsin (1:3000) and 
animal diastase at levels of 1.0 and O.I67 percent of the 
dry matter, respectively. Fries et al. (1958) and Lassiter 
et al. (1959) reported no improvement in gains by adding 
0.5 percent pepsin to a milk replacer ration of dairy calves. 
Burroughs et al. (1959) supplemented fattening cattle 
rations with Agrozyme, a bacterial enzyme preparation con­
taining proteolytic and amylolytic enzymes, at 0.0075 and 
0.015 pound per animal daily. The rations contained com 
having 10, 14, 19 or 30 percent moisture. Improvements in 
gain and feed conversion were obtained by enzyme 
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supplementation to the rations containing corn with 10 and 
14 percent moisture, but no improvement in either gain or 
feed required per pound of gain was obtained by adding the 
enzyme preparation to the rations with 19 and 30 percent 
moisture corn. Greig (i960) reported no response from 
supplementation of fattening cattle rations with Agrozyme 
or a fungal enzyme preparation. The corn in this trial con­
tained 19 percent moisture and Greig (i960) proposed that 
the lack of response was due to the high moisture content of 
the corn. Greig (i960) did, however, report an increase in 
steer gains by adding a proteolytic enzyme mixture (pepsin 
and ficin) to the ration, with maximum gains in the steers 
receiving 90 milligrams of ficin per animal per day. From 
these results it was postulated that some, if not all, of the 
enzymatic stimulation of weight gain and feed efficiency in 
cattle was due to proteolytic enzymes rather than non-
proteolytic enzymes. 
Theurer et al. (1959) conducted a series of digestion 
trials to determine the effects of Agrozyme supplementation 
on digestibility and nitrogen retention of fattening type 
rations fed to steers and lambs. In the steer feeding 
trials 9 and 12 percent protein rations were fed. Supple­
mentation with seven grams of enzyme per steer daily decreased 
protein digestibility in the 9 percent but not in the 12 
percent protein ration. Enzyme supplementation did not 
7 
affect nitrogen retention or digestibility of dry matter, 
organic matter and cellulose in either ration. In the lamb 
trials Agrozyme was fed at levels of 0.5, 1.0 and 2.0 grams 
per lamb daily. The addition of the enzyme to the ration 
appeared to increase nitrogen retention, but did not 
appreciably affect digestibility of the ration components. 
Hervey (1925) added protozyme, a fungus enzymic material, 
to growing chick rations and obtained increased gains in the 
chicks by enzyme supplementation. Qualitative tests on 
ingesta taken from the crop and gizzard of the chicks indi­
cated increased starch and protein digestion in individuals 
consuming the enzymic materials over those not consuming it. 
Protozyme was also tested by Clickner and Follwell (1926) 
who mentioned that the material came from cultures of 
Aspergillus oryzae. The addition of protozyme at levels of 
1.0, 2.0, 3.0 and 5.0 percent of the ration increased gains 
in pullets on experiment for 20 weeks, beginning with birds 
that were six weeks of age. 
Hastings (1946) found that addition of a diastatic 
enzyme material to a high fiber chick ration improved growth 
and feed conversion. This enzymic preparation was without 
effect when added to a low fiber diet in which wheat and 
oats replaced mill by-products. 
Patrick (1955) reported no improvement in gains or 
feed efficiency by adding several commercially-produced 
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proteolytic enzymes to chick diets. Balloun and Baker (1957) 
found that supplemental pepsin, pancreatin, Rhozyme B-6, 
Rhozyme P-ll, Lederle enzyme X-108 or ficin to chick rations 
failed to increase gains and feed efficiency. They con­
cluded that the baby chick has a well developed proteolytic 
enzyme system at one day of age. 
Jensen et al. (1957) reported that supplementation with 
a mixture of Takadiastase and Clarase to barley diets im­
proved both growth and feed efficiency in chicks fed from 
birth to four weeks of age. The enzymes were added at 0.5, 
1*0, and 2.0 percent of the diet. They suggested that carbo­
hydrates in barley are not readily hydrolyzed by enzymes 
secreted by the chick because of lack of specificity or 
sufficient concentration. Willingham et al. (1959) obtained 
an increase in chick growth and a decrease in feed required 
per pound of gain by supplementing barley rations with 
bacterial and fungal enzymes and by using malted barley. 
They used several varieties of barley and found that the 
varieties tested had no influence on enzyme response. Dur­
ing the same year Laerdal et al. (1959) compared the response 
of chicks to supplementation with malt or enzymes to barleys 
grown in different regions of the United States. Barley 
that supported relatively good growth, including most Middle 
Western barleys, were not improved by malt or enzyme 
supplementation. Supplementation of barleys which alone 
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gave Inferior growth, such as West Coast barleys, resulted 
in gains comparable to the best obtained from the Middle 
Western barleys. 
Miner and Denton (1957) reported no benefit from 
supplementing a practical corn-soybean oil meal diet for 
turkey poults with pepsin, lipase or amylase, added at 
0.005 or 0.1 percent of the diet. The following year Fry 
et al. (1958) found that supplementation with one gram of 
Clarase 300 per pound of ration improved poult gains and 
feed efficiency when barley was used as bhe chief carbo­
hydrate source. No benefit was obtained from adding the 
enzyme to diets in which the barley was replaced by com or 
wheat. 
Leong et al. (1959) reported an improvement in growth 
rate and feed utilization in turkey poults by supplementing 
a barley diet with a crystalline proteolytic enzyme of 
bacterial origin. A greater increase in growth stimulation 
was obtained by supplementing the ration with the crude 
enzyme preparation from which the crystalline enzyme was 
produced. They suggested that more than one enzyme was in­
volved in improved utilization of the barley ration. 
Berg (1959) supplemented a barley ration for hens with 
bacterial and fungal enzymes and observed no effect on laying 
performance due to enzyme supplementation. 
In early work with pigs Culbertson et al, (1926) 
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supplemented a com-tankage-linseed oil meal growing-
finishing ration with protozyme at 0.5 and 1.7 percent of 
the ration. The addition of the lower level of enzyme 
slightly improved pig gains and feed conversion; however, 
the higher enzyme level decreased gains and feed efficiency. 
Lewis et al. (1955a) found that the addition of proteolytic 
enzymes to semi-purified diets containing Drackett C-l assay 
protein and casein improved weight gains and feed conversion 
in early weaned pigs fed from one to five weeks of age. The 
addition of pepsin or pancreatin at 1.0 percent of the ration 
improved pig gains and feed efficiency. The average of 
three experiments showed that the combination of pepsin and 
pancreatin, each added at 1.0 percent of the ration, im­
proved gains from 10.0 pounds for the unsupplemented to 12.7 
pounds for the supplemented pigs. The feed required per 
pound of gain was decreased from 2.49 pounds for the un­
supplemented to 2.06 pounds for the supplemented group. No 
improvement in gains or feed efficiency was obtained by 
supplementation of pepsin or pancreatin to rations of pigs 
which were started on experiment at 53 days of age. Lewis 
(1956) reported that supplemental enzymes failed to produce 
a consistent improvement in gains and feed efficiency in 
pigs reared individually in a unit which was relatively 
disease-free. 
In studying the effect of rate of food passage on 
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enzyme response in baby pigs, Lewis (1956) fed caseara, a 
laxative, to baby pig rations with or without 1.0 percent 
pepsin (1:3000). During the first two weeks of the experi­
ment enzyme supplementation improved pig gains, but this 
improvement in growth was lost by the end of the four-week 
feeding period. This loss in response was believed to be 
due to acquired resistance to the action of caseara by the 
pig. Baker (1959) added caseara at a level of 2.0 grams per 
pound of ration to baby pig rations during the last week of 
a four-week feeding period and found that the laxative had 
no appreciable affect on apparent digestibility of protein. 
The addition of caseara did significantly (P < 0.05) in­
crease the rate of food passage; however, the pigs fed the 
caseara were not classed as scouring. 
Baker (1959) found that the addition of 1.0 percent 
pepsin (1:3000), pancreatin (U.S.P.), Rhozyme P-ll, Rhozyme 
B-6 and Mycozyme to a Drackett C-l assay protein diet im­
proved both gains and feed efficiency of baby pigs; however, 
the supplementation of 1.0 percent papain to the same basal 
diet resulted in no improvement in pig performance. The 
average of 12 experiments with baby pigs fed diets contain­
ing soybean protein as the major protein source showed that 
supplementation with pepsin improved gains and feed effi­
ciency by 7.8 and 5.1 percent, respectively. The optimum 
level of pepsin (1:3000) supplementation, as determined by 
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improvements in gain and feed efficiency, was found to be 
0.25 percent of the ration. 
Two experiments were conducted by Baker (1959) to deter­
mine the effect of supplementation with 0.25 percent pepsin 
(1:3000) to a soybean protein ration on apparent digesti­
bility of protein in two- and four-week-old pigs. In the 
first experiment the protein digestibility was increased from 
77 percent to 81 percent by enzyme supplementation to two-
week-old pigs. Ko improvement in apparent digestibility was 
obtained by adding the enzyme to rations of the same pigs at 
four weeks of age. In the second experiment supplemental 
pepsin had no affect on the apparent digestibility of protein 
by pigs two or four weeks of age. 
Alsmeyer et al. (1957) reported an improvement in feed 
efficiency, but no improvement in gains, in baby pigs by 
supplementing soybean oil meal and feather meal protein 
rations with a combination of 1.0 percent pepsin (1:3000) 
and 1.0 percent pancreatin (N.F.). Hudman and Peo (1956) 
added 0.25 percent pepsin (1:3000) to creep feed of baby pigs 
nursing their dams and to a ration for baby pigs weaned at 
nine days of age. Pepsin supplementation improved rate of 
gain of the pigs which were sow-raised, but had no affect 
on performance of pigs that were early weaned. 
No improvement in baby pig performance was obtained by 
Meade (1957) by adding 0.15 or 0.25 percent pepsin (1:3000) 
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to rations of pigs weaned, at two weeks of age. Cunningham 
and Brisson (1957) added 0.5 percent of both pepsin 
(1:10,000) and pancreatin (N.F.) to rations of pigs weaned 
at two days of age and found that enzyme supplementation had 
no affect on pig growth or apparent digestibility of protein. 
Maner et al. (1959) reported no increase in pig gains by 
supplementing 1.0 percent pepsin (1:10,000) and 0.5 percent 
trypsin (4 x U.S.P. pancreatin) to soya-protein rations of 
pigs from birth to 28 days of age. 
Recently, Nielsen (i960) added ZymoPabst to rations for 
growing-finishing pigs, at the level of two pounds per ton 
of ration. The rations contained barley or corn as the chief 
carbohydrate source. No improvement in gains or feed effi­
ciency was obtained by enzyme supplementation in either the 
barley or corn rations. 
Feeding of Protein Hydrolysates 
Magnusson (1944) reported that the weight gains in pre­
mature infants was much greater when a pancreatin digest of 
casein was fed than when undigested casein was fed. He 
suggested an enzyme insufficiency in premature babies. 
Jorbes and Magnusson (1946) stated that the feeding of 
casein hydrolysates to infants during the first few weeks 
of life greatly increases weight gains over undigested 
casein. By the end of the second month of life this 
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difference in gains becomes less and finally disappears. 
They experimented with 100 premature infants and found that 
the infants utilized a casein hydrolysate well and those re­
ceiving the hydrolysate made distinctly higher weight gains 
than those receiving only breast milk. However, Madey and 
Daneis (1949) reported that weight gains in infants whose 
diet was supplemented with a trypsin digest of casein was no 
greater than in those infants fed whole casein. They con­
cluded that it was unnecessary to supplement premature infant 
diets with casein which had been predigested. 
Mueller et al. (1940) fed to rats and dogs a casein 
hydrolysate prepared by digesting the protein with fresh 
pancreas extract until the free amino acid content showed no 
further increase. Improvement in feed efficiency was ob­
tained by feeding the hydrolysate to weanling rats, indicat­
ing that for this species the hydrolyzed casein was 
nutritionally equal or superior to undigested casein. In 
hypoproteinemic dogs the feed required per pound of gain from 
the hydrolysate ration was slightly lower than from the un­
digested casein ration. Hydrolyzed and undigested casein 
were equal in their abilities to regenerate serum proteins 
in the dog» Cox and Mueller (1944) found that enzymic 
hydrolysates of casein, lactalbumin and beef serum proteins 
were equally effective in regeneration of plasma albumin in 
hypoproteinemic dogs, whether given orally or intravenously. 
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In studying the effect of enzymic hydrolysis on nutri­
tive value of casein, Chow (1948) digested the protein with 
Rhozyme P-ll and Protease 15. These two enzyme preparations 
were used because they were found to split the protein chain 
of the casein molecule at different positions. When fed 
to rats and dogs the two hydrolysates were found to yield 
essentially the same nitrogen balance and protein efficiency 
as the undigested casein. The author concluded that neither 
the degree of digestion or the mode of attack affected the 
nutritive value of casein hydrolysates, so long as essential 
amino acids are not destroyed. 
Wissler et al. (1947) compared enzymic and acid digests 
of several animal and plant proteins, as to their capacity 
to induce tissue synthesis in the protein-depleted rat. 
They found that, in general, hydrolysates prepared from high 
quality animal proteins by enzymic hydrolysis offer greatest 
promise. 
The hydrolysis of several plant and animal proteins with 
pepsin, trypsin and pancreatin was conducted by Mare&ek and 
Herbrychovâ (1954). The release of amino acids during 
hydrolysis of animal proteins was in the same ratio as that 
found in the original proteins; however, hydrolysis of plant 
proteins proceeded in such a way that the amino acids 
glutamic and aspartic acids, cystine, serine, glycine and 
threonine were proportionally less represented in the 
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released amino acids than in the protein. They concluded 
that animal proteins were more easily digested by pepsin, 
trypsin and pancreatin than were plant proteins. 
A milk replacer consisting mainly of soybean flour and 
ground corn was predigested with malt diastase and/or papain 
and fed to calves up to 60 days of age, by Fries et al. 
(1958). No improvement in growth or feed consumption re­
sulted from enzymic predigestion. 
Lewis (1956) prepared hydrolysates from Drackett C-l 
assay protein and soybean oil meal (50 percent protein) by 
digesting with pancreatin (1.4 x U.S.P.) for approximately 
0, 2, 4, 8 and 16 hours. Pancreatin was added to the di­
gestion mixture at the level of two percent of the solids. 
The temperature was maintained at 40 degrees centigrade and 
the pK was maintained at 7.5 to 8.0 by adding sodium 
hydroxide when necessary. The predigestion of the soybean 
proteins for 2, 4 or 8 hours improved gains and feed effi­
ciency over gains and feed efficiency by baby pigs receiving 
the zero-hour digests. Baker (1959) conducted three experi­
ments with baby pigs in which soybean oil meal (50 percent 
protein) hydrolysates were fed as the protein source. In 
the first experiment the hydrolysates fed were prepared by 
digesting the soybean oil meal with either pancreatin, 
Rhozyme P-ll or ficin to various degrees of soluble protein. 
Greatest improvement in pig gains and feed efficiency was 
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obtained from the ficin hydrolysate that contained 17.5 per­
cent soluble protein. This hydrolysate was added to a ration 
at various levels (0, 6.65, 13.3 and 26.6 percent of the 
ration) in the second experiment. A significant (P < 0.05) 
linear improvement in baby pig gains was obtained with in­
creasing levels of the hydrolysate in the ration. No improve­
ment in gains or feed efficiency was observed from the use 
of this hydrolysate in the third trial with baby pigs. 
Cunningham and Brisson (1957) predigested soybean pro­
tein with pepsin for 24 hours at pH 2.2. Hydrochloric acid 
was added to maintain the low pH during the digestion period, 
after which the pH was increased to 7.0 by adding sodium 
hydroxide. The same amounts of hydrochloric acid and sodium 
hydroxide were added to the undigested soybean protein used 
in the experiment. Feeding the hydrolysate resulted in 
severe diarrhea and death to two-day-old pigs, whereas pigs 
receiving the undigested soybean protein survived to the end 
of the four-week trial. 
Feeding of Raw Soybean Protein 
Harris (1915) observed that an albumin-like fraction 
derived from raw soybean was toxic when injected into guinea 
pigs. This preparation, for which he suggested the name 
"glicin", possessed urease activity and displayed 
hemagglutinating properties. Sumner and Howell (1935) found 
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that crystalline urease was lacking in hemagglutinating 
activity. 
Osborne and Mendel (1917) were first to report an im­
provement in raw soybean flour by heat treatment. Soy flour, 
which had been previously mixed with water, boiled for three 
hours and dried, produced more rapid gains in rats than un­
treated raw soy flour. These findings were later confirmed 
by Robison (1930) and Shrewsbury and Vestal (1937) for the 
pig, by Wilgus et al. (1936) for the chick, by Scharrer and 
Nebelsiek (1938) for the sheep, and by Lewis and Taylor 
(1947) for the human. Borchers et al. (1948) autoclaved 
soybean meal at 15 pounds pressure for 4, 10, 15, 20, 25 
and 30 minutes and found 20 minutes was sufficient heating 
time to support optimum growth in rats. 
Osborne and Mendel (1917) concluded that the response 
obtained from heating raw soybean meal Has due to an increase 
in palatability. Hayward et al. (1936) observed that food 
intake of rats receiving raw or heating soybean diets ad 
libitum was found to be similar for the first few days, 
which suggested that the poor growth resulting from raw soy­
beans was due to some deficiency or toxicity rather than 
low palatability. 
Johnson et al. (1939) showed that the difference in 
digestibility between raw and heated soybean protein in the 
rat was negligible, but that rats receiving raw soybean meal 
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retained less nitrogen and sulfur than those receiving 
heated soybean meal, thus indicating that raw soybean pro­
tein was absorbed as fully as heated soybean protein, but 
that part of the raw soy protein was absorbed in a form 
which was not utilized for growth, but catabolized and ex­
creted as urinary nitrogen and sulfur end products. Westfall 
et al» (1948) found that a crude extract from soybeans, which 
contained active trypsin inhibitor, inhibited growth and 
protein digestion in mice fed either untreated or hydrolyzed 
animal protein, suggesting that the deleterious effects from 
the extract of raw soybeans are not necessarily due to 
interference with the intestinal digestion of dietary pro­
tein. 
Hayward and Hafner (1941) observed increased gains in 
chicks by supplementing a raw soybean protein diet with 
cystine or methionine. They suggested that the protein was 
deficient in available cystine, which was made more readily 
available by autoclaving. The supplementation of cystine 
or methionine to the raw soybean protein diet, however, did 
not result in as rapid gains as when the autoclaved soy­
bean meal was fed, indicating that the deficiency of avail­
able cystine does not fully explain the decrease in growth 
from raw soybean meal. 
Ham and Sandstedt (1944) reported the presence of a 
factor in unheated soybean oil meal which inhibited in vitro 
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digestion of casein by commercial trypsin, and Ham et al. 
(1945) found that a dilute acid extract from raw soybean 
meal, but not heated soybean oil meal, contains a factor 
which, when incorporated into a ration, depresses rate of 
growth in chicks. Kunitz (1945) isolated and crystallyzed 
a trypsin inhibitor from raw soybean meal, which he 
characterized as a protein. 
Borchers et al. (1947b) fo'.md that soybean trypsin in­
hibitor was without effect on in vitro proteolysis by pepsin, 
but did inhibit erepsin activity. Borchers et al. (1947a) 
demonstrated that trypsin inhibitor acts on trypsin itself 
by an equilibrium reaction. This was confirmed by Liener 
and Pevold (1949). 
Chemick et al. (1948) observed that prolonged feeding 
of raw soybean meal induced in chicks a hypertrophy of the 
pancreas and an increase in its proteolytic activity. 
Lepkovsky et al. (1959), by measuring proteolytic enzyme 
activity in feces in the chick, which was shown to come 
almost entirely from pancreatic origin, found a sharp de­
crease in fecal proteolytic activity due to the feeding of 
raw soybean meal as compared to heated soybean meal. The 
addition of methionine to the ration increased proteolytic 
activity in the feces of the chicks fed the raw soybean 
protein diets. Immediately after ingestion of a raw soybean 
protein ration in rats, Lyman and Lepskovsky (1957) noted an 
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increased level of intestinal lipase and amylase activity, 
followed by an increase in intestinal trypsin activity. 
Crude and crystalline preparations of soybean trypsin in­
hibitor produced the same response, indicating that the 
stimulation of pancreatic enzyme secretion from feeding of 
raw soybean meal must be due to its antitrypsin activity. 
No effect was observed on pepsin secretion by feeding the 
trypsin inhibitor. 
By an in vitro digestion technique Melnick et al. (1946) 
found that the relative rate of liberation of methionine, 
lysine and leucine, as a result of tryptic digestion, were 
different in raw soybeans than in soybeans in which the 
trypsin inhibitor had been destroyed by heat. These workers 
concluded that the influence of the trypsin inhibitor on 
nutritive value of soybean protein was due to an alteration 
in the time factors of availability of essential amino acids, 
particularly methionine, in the intestinal tract. Liener 
and Fevold (19^ 9) found that the release of methionine from 
raw soybean meal was not specifically retarded by trypsin 
inhibitor any more than other amino acids. These workers 
also observed that the addition of trypsin inhibitor to 
autoclaved soybean oil meal to equal that found in raw soy­
bean meal inhibited the release of amino acids, but the 
release of amino acids varied above and below the correspond­
ing amino acids of the raw meal. This indicated that heating 
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soybean meal not only Inactivates trypsin inhibitor, but 
alters the physical properties of the soybean protein per se. 
Heisen et al. (19^ 7) observed that the liberation of amino 
acids by pancreatin hydrolysis of soybean meal was decreased 
by excessive heat treatment to the soybean meal. 
Almquist and Merritb(1953) demonstrated that the addi­
tion of raw soybean meal to make up five percent of the pro­
tein of a diet deficient in tryptophan, greatly accentuated 
this deficiency. 
Liener (1951) showed that a concentrate of soybean 
trypsin inhibitor, which had been treated by acid so as to 
destroy its antitryptic activity, still retained the ability 
to inhibit growth of weanling rats, when administered by 
intraperitoneal injection. The following year Liener and 
Pallansch (1952) isolated a toxic fraction from raw soybean 
flour which had no antitryptic activity and was characterized 
by marked hemagglutinating action. Liener (1953) termed this 
toxic fraction as "soyin" and produced an inhibition in rat 
growth by addition of this protein fraction to an autoclaved 
soybean or casein diet. The addition of crude trypsin to 
the ration did not counteract this growth inhibition. On 
the basis of comparative experiments with raw soybean meal 
in the presence or absence of crude trypsin, Liener (1953) 
estimated that about one-half of the growth-inhibiting 
effect of raw soybean meal is due to its soyin content and 
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the remainder to an effect which can be counteracted by-
crude trypsin supplementation. 
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EXPERIMENTAL 
The 10 experiments reported herein are on file in the 
Swine Nutrition Section of the Animal Husbandry Department, 
Iowa State University, Ames, Iowa. These are numbered as 
Experiments 805, 812, 830, 839, 978, 979, 1004, 1005, 1029 
and 1044. 
Many of the management and procedure practices were 
common to most of the experiments; therefore, these features 
will be described briefly to avoid unnecessary repetition 
in the individual experiments. 
The pigs used in all of these experiments were crossbreds. 
Male animals were castrated during the first week of life and 
all pigs were treated for anemia with an iron pill or iron 
paste at one day of age and at one week of age, or injected 
with iron dextran at one day of age. The pigs were 
vaccinated with a mixture of hog cholera and erysipelas anti­
serum at five days of age. 
The buildings were steam cleaned and thoroughly disin­
fected prior to starting each experiment and the pens were 
cleaned daily throughout the experimental period. Only a 
minimum of personnel were allowed to enter the units and 
disinfectant pans were placed at the entrance to each 
building. 
All of the experiments were conducted on concrete floors 
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with the exception of Experiments 839 and 1029# which were 
digestibility studies, and in these two experiments the pigs 
were maintained on wire floors. Self-feeders and self-
waterers were accessible at all times in all of the experi­
ments . 
Experiments 805 and 812 were conducted in the Beech 
Avenue Unit. The temperature in this building was thermo­
statically controlled during the winter months at 65 to 70 
degrees Fahrenheit. In summer months the temperature 
fluctuated with environmental temperature; however, an 
evaporative-type air conditioner was used during hot weather 
to decrease the temperature inside the unit. Heat lamps were 
provided for the first week of the experiments, so as to pro­
vide adequate floor temperature. 
In Unit C, where Experiments 830, 978, 979, 1004, 1005 
and 1044 were conducted, the temperature was controlled in 
a similar manner as in the Beech Avenue Unit, except a 
refrigerated air conditioning unit was used in this building. 
Experiments 839 and 1029 were conducted in Unit E. 
This building has 36 individual pens with self-feeders and 
constant-flow type waterers. The concrete floor is radiant 
heated by thermostatically controlled circulating water and 
the room temperature is controlled by a forced air heating 
and air conditioning system. During the first week of each 
experiment the floor temperature was held at 85 degrees 
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Fahrenheit and was reduced five degrees each week to 70 
degrees Fahrenheit. The temperature was maintained at this 
level for the remainder of the experiment. The room tempera­
ture was maintained at 70 degrees Fahrenheit throughout the 
experiment. The building is equipped with germicidal lamps 
around the room, at the entrance and at the air inlet. 
The pigs were individually weighed at the time they were 
placed on experiment and at weekly intervals thereafter. 
Feed consumption was also obtained at weekly intervals. In 
group feeding experiments, when a pig was removed the remain­
ing pigs in the pen were weighed so that feed consumption by 
the pig removed and those remaining could be determined, 
assuming the animal removed was as efficient in feed con­
version as the other pigs in the same pen. Pigs that died 
while on experiment were sent to the Veterinary Diagnostic 
Laboratory for examination. The experiments were conducted 
for four weeks unless stated otherwise. 
In all of the experiments the pen was considered the 
experimental unit and the data were analyzed on that basis, 
according to methods described by Snedecor (1956) and 
Cochran and Cox (1957). Any statement concerning statistical 
significance or significance pertains to the probability 
level of five percent or less. 
Below is a description of the enzymes used in these ex­
periments. The description is based on information provided 
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by the manufacturers and Information from the literature. 
The crude pepsin was National Formulary 1:3000 pepsin 
in powder form. This means that one pound of this pepsin 
will digest not less than 3000 or more than 3500 pounds of 
freshly coagulated and disintegrated egg albumin in 2.5 
hours at 52 degrees centigrade in water acidulated with 
hydrochloric acid. The optimum pH for the action of pepsin 
is between 1.5 and 2.0. The action of pepsin is to hydrolyze 
the peptide linkages, the products being mostly proteoses 
and peptones. The optimum temperature for pepsin activity 
is 40 degrees centigrade. 
The crude pancreatin was powdered N. F. (National 
Formulary) grade. This material will convert not less than 
25 times its weight of casein into proteoses in one hour at 
40 degrees centigrade. Variable non-standardized amounts of 
amylase and lipase are also present in addition to the 
standardized proteolytic activity. The optimum pH for the 
proteolytic action is between 7.5 and 8.5 and the optimum 
temperature is between 4-0 and 50 degrees centigrade. When 
proteins are subjected to the action of pancreatin under 
optimum conditions, the protein molecules are first 
solubilized and broken down into polypeptides. The 
peptidases then break the polypeptide chains down to form 
smaller peptides and amino acids. Both the pepsin (1:3000) 
and the pancreatin (N.F.) were supplied by Cudahy 
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Laboratories, Incorporated, Omaha, Nebraska. 
Rhozyme B-6 is a bacterial enzyme used primarily for its 
proteolytic activity; however, it does contain a small amount 
of diastase activity. The optimum pH and temperature are 
7.0 and 60 degrees centigrade, respectively. 
Rhozyme P-ll, a fungal enzyme, is characterized by its 
ability to hydrolyze protein. It also has some diastase and 
lipase activity. The optimum pH is near 7.0 and the optimum 
temperature is 50 degrees centigrade. Protease 30 is ob­
tained from the same type of material that is used to produce 
Rhozyme P-ll. It is standardized to about one-half the 
proteolytic activity of Rhozyme P-ll. Rhozyme B-6, Rhozyme 
P-ll and Protease 30 were furnished by Rohm and Haas Company, 
Philadelphia, Pennsylvania. 
Pabst L-56-D is a bacterial enzyme standardized for its 
proteolytic activity; however, it also contains a consider­
able amount of diastase activity. The optimum pH is 5.75 
with a range of 5-0 to 7.25. The optimum temperature range 
is 40 to 46 degrees centigrade. 
Pabst L-276 is a fungal enzyme with both proteolytic 
and diastatic activities, but standardized for its 
proteolytic action. The optimum pH for this enzyme is 5.4 
with a range of 4.5 to 6.5. The optimum temperature for 
enzymic activity is 40 to 46 degrees centigrade. Pabst 
L-56-D and Pabst L-276 were furnished by Pabst Laboratories, 
Milwaukee, Wisconsin. 
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Tables 5 and 61 show the amounts of vitamins and addi­
tives added per pound of complete ration for each of the 
experiments. The amount and kind of antibiotics added to the 
rations are shown in Table 7. 
The calculated analysis for each of the basal rations 
are shown in Tables 3 and 4, and the composition of the trace 
mineral mix used is shown in Table 8. 
Enzyme Supplementation to Baby Pig Rations 
Experiment 805 
Objectives. The purpose of this experiment was to com­
pare and evaluate the effects of various levels of bacterial 
and fungal enzymes on baby pig gains and feed efficiency, 
when added to a corn-soybean oil meal type ration. 
Procedure. One-hundred-twenty pigs averaging 9.2 pounds 
body weight and 14.8 days of age were randomly allotted by 
initial weight to 15 ration treatments, with two replicated 
pens of four pigs per pen for each treatment. No two pigs 
from the same litter appeared in the same treatment. The 
experiment was conducted in the Beech Avenue Unit. 
The enzymes, Pabst L-56-D, Pabst L-276, Rhozyme B-6 and 
Rhozyme P-ll, were each added to the corn-soybean oil meal 
•""The tables referred to in this thesis are found in the 
Appendix. 
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ration at levels of 0.25# 0.50 and 1.00 percent of the ration. 
Pepsin (1:3000) was also added at the level of 0.25 percent 
of the ration. A 20 percent dried skimmilk ration was used 
in this experiment as a positive control. The basal rations 
are presented in Table 1. 
Results and discussion. Summaries of the average total 
gains and feed required per pound of gain are presented in 
Figure 1 and Table 11. The experimental plan and analysis 
of variance are shown in Table 12. 
The overall performance of the pigs in this experiment 
was relatively good, although considerable scouring in the 
pigs was observed during the early stages of the trial. No 
statistically significant differences were obtained in this 
experiment. 
Pigs on the 20 percent dried skimmilk ration gained at 
the most rapid rate; however, the feed required per pound 
of gain was no less for the pigs fed this ration than for 
those on the corn-soybean oil meal basal diet. The supple­
mentation with 0.25 percent pepsin (1:3000) increased pig 
gains by 12.1 percent over the com-soybean oil meal basal 
ration. The same response in gains was obtained by supple­
menting the ration with 0.25 percent Pabst L-56-D, which 
also slightly decreased pounds of feed required per pound 
of gain. 
Of the three levels of Pabst L-276 tested only the 0.25 
Figure 1. Experiment 805 - gains and feed per pound of gain of pigs fed 
various levels or proteolytic enzymes of bacterial and fungal 
origin3 
aPep. = pepsin, P. L-56-.D = Pabst L-56-D, P. L-276 = Pabst L-276, 
R. B-6 = Rhozyme B-6, R. P-ll = Rhozyme P-ll. 
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percent level increased rate of gain over the corn-soybean 
oil meal basal ration. The feed required per pound of gain 
by the pigs fed this enzyme averaged higher than that ob­
tained from the pigs on the corn-soybean oil meal basal. 
Pig gains on all three levels of Rhozyme B-6 supple­
mentation and on levels of 0.25 and 0.50 percent Rhozyme 
P-ll were higher than those on the soybean oil meal basal 
ration; however, feed efficiency was not improved by adding 
these enzymes to the ration. 
Experiment 812 
Objectives. Since increased growth and feed efficiency 
were received from supplementation of the lowest level of 
Pabst L-56-D to a com-soybean oil meal ration in Experiment 
805, this experiment was conducted to test the effects of 
lower levels of this enzyme on gains and feed conversion in 
baby pigs. The effect of initial weight on response to 
enzyme supplementation was also tested. 
Procedure. Four ration treatments were compared in a 
2x4 factorial arranged experiment involving 64 pigs. Pigs 
of each litter were divided into two groups, one group 
composed of the heavier weight pigs and the other group the 
lighter weight pigs. The experiment involved two replica­
tions of four pigs per pen and outcome groups of littermate 
pigs. The average initial weights of the light and heavy 
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pigs were 7.6 and 9.3 pounds, respectively, and the average 
initial age was 15 days. The experiment was conducted in 
the Beech Avenue Unit. 
The basal ration used in this experiment is shown in 
Table 1. Pabst L-56-D was tested at levels of 0, 0.125, 
0.25 and 0.50 percent of the ration. 
Results and discussion. The experimental plan and 
analysis of variance are shown in Table 14. Figure 2 and 
Table 13 show the summaries of pig gains and feed efficiency 
in this experiment. 
The heavier pigs gained significantly more than the 
lighter pigs. In the heavier pigs each level of supple­
mental enzyme increased gains over the basal ration, with 
maximum gains obtained in the pigs fed the ration containing 
0.50 percent Pabst L-56-D. The lighter pigs which received 
the enzyme in their diet gained less than those on the basal 
ration. Feed efficiency was not appreciably affected by 
•enzyme supplementation. 
There was a moderate amount of scouring in the pigs dur­
ing the first week on experiment and very little scouring 
thereafter. The overall performance of the pigs was sub­
normal for the type of ration fed. 
Experiment 830 
Objectives. Due to the large variation in response 
Figure! 2. Experiment 812 - effects of initial body weights of pigs on 
response to supplemental Pabst L-56-D in a corn-soybean oil 
meal ration8. 
aH = heavy pigs, L = light pigs. 
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obtained from enzyme supplementation in Experiment 812, 
this experiment was conducted to further study the effect of 
Pabst L-56-D on baby pig growth and feed efficiency, when 
supplemented to a corn-soybean oil meal ration. 
Procedure. Sixty-four crossbred pigs, taken from the 
farm of Vernon Stove, Webster City, Iowa, were randomly 
allotted across four ration treatments, from littermate out­
come groups. This experiment, conducted in Unit C, involved 
three replicated pens of four pigs per pen for each ration 
treatment. The initial weight and age of the pigs were 7»8 
pounds and 13.6 days, respectively. 
The basal ration is presented in Table 1. Pabst L-56-D 
was added at levels of 0, 0.125, O.25 and 0.50 percent of 
the ration. 
Results and discussion. The experimental plan and 
analysis of variance are presented in Table 16. Summaries 
of pig gains and feed required per pound of gain are shown 
in Figure 3 and Table 15. 
In this experiment pig gains were increased from 16.8 
pounds to 18.5 pounds by adding 0.125 percent Pabst L-56-D 
to the basal ration. The addition of 0.25 percent enzyme to 
the ration resulted in slightlylower gains, and adding 
0.50 percent enzyme to the ration gave essentially the same 
gains that were obtained on the basal diet. The feed re­
quired per pound of gain was not appreciably affected by 
Figure 3. Experiment 830 - effects of supplemental 
Pabst L-56-D in a corn-soybean oil meal ration 
on baby pig gains and feed required per pound 
of gain 
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addition of the enzyme to the ration. 
The differences in pig gains and feed efficiencies be­
tween replications were statistically significant. This is 
probably due to the large variation in initial weights of 
the pigs, which ranged from 5.8 pounds to 11.2 pounds. Since 
litters containing similar weight pigs were placed on the 
same replication, most of the difference in response due to 
initial weight would show up analyzing the differences be­
tween replications. 
One pig died during the third week of the experiment; 
however, no diagnostic report was received on this animal. 
Very little scouring was observed in the pigs and 
overall pig performance, both in gains and feed efficiency, 
was good. 
Experiment 839 
Objectives. This experiment was conducted to determine 
if the addition of 0.125 percent Pabst L-56-D to corn-
soybean oil meal rations of baby pigs would improve gains, 
feed efficiency and apparent digestibility of protein, and 
if the level of protein fed would have an influence on the 
response to enzyme supplementation. 
Procedure. Four ration treatments were compared in a 
2x2 factorial arranged experiment in Unit E, using nine 
individually fed pigs per ration treatment. Two levels of 
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protein (15 and 20 percent) were fed with and without 0.125 
percent added Pabst L-56-D. The desired level of protein 
was obtained by adjusting the amounts of soybean oil meal 
and corn in the ration. The compositions of the basal 
rations are presented in Table 1. 
The pigs were weaned at one week of age and placed in 
one group in a floor pen in Unit E. A 40 percent dried 
skimmilk ration was fed to the pigs for three days in the 
floor pens and the pigs were then placed in individual pens 
and fed the dried skimmilk ration for four more days. This 
preliminary feeding period was conducted so that the pigs 
would become accustomed to eating before being placed on 
the experimental rations. At two weeks of age littermate 
pigs were randomly allotted across the four ration treat­
ments and placed on the experimental rations. 
At the beginning of the experimental period the pigs 
were placed on wire screens. Total fecal collections were 
carried out for a period of five days during the second and 
fourth week of the experiment. Collections were made three 
times each day and the wet feces were placed in polyethylene 
bags and stored in a deep freeze. 
After each collection period was terminated the feces 
and ration samples were dried in an oven for 48 hours at 
100 degrees centigrade. After drying, each fecal and ration 
sample was passed through a microgrinder, thoroughly mixed, 
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and sub-samples were taken and analyzed for nitrogen by a 
standard macro-Kjeldahl procedure. From this apparent 
digestibility of protein was calculated. 
The average initial age and weight of the pigs were 13.8 
days and 7.4 pounds, respectively. 
Results and discussion. Summaries of gains and feed 
efficiency are presented in Figure 4 and Table 17. The 
experimental plan and analysis of variance for gains and 
feed efficiency are presented in Table 18. 
The improvements in gains and feed required per pound 
of gain obtained from the pigs fed the 20 percent protein 
ration over the pigs on the 15 percent protein ration were 
statistically significant. Enzyme supplementation did not 
improve gains or feed efficiency in pigs fed either the 15 
or the 20 percent protein ration. 
The results of the digestibility studies are presented 
in Figure 5 and Tables 19 and 20. The addition of 0.125 
percent Pabst L-56-D had no statistically significant effect 
on apparent digestibility of protein in either the three-
or five-week-old pigs fed the 15 or 20 percent protein 
ration. 
The apparent digestibility of protein was significantly 
higher in the pigs fed the 20 percent protein ration than 
in the pigs fed the 15 percent protein ration, and signifi­
cantly higher in five-week-old pigs than in three-week-old pigs. 
Figure 4. Experiment 839 - effects of protein levels 
and supplemental Pabst L-56-D in a corn-
soybean oil meal ration on pig gains and feed 
required per pound of gain 
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Figure 5. Experiment 839 - effects of protein levels and supplemental 
Pabst L-56-D in a corn-soybean oil meal ration on apparent 
digestibility of protein in three- and five-week-old pigs 
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Very little scouring was observed in the pigs on this 
experiment, probably mostly due to sanitation procedures 
followed in this unit. 
Feeding of Soya Protein Hydrolysates 
Experiment 978 
Objectives. The purpose of this experiment was to de­
termine if the growth rate and feed efficiency of baby pigs 
would be improved by feeding rations in which the soybean 
oil meal had been predigested with Protease 30. 
Procedure. Five ration treatments were compared using 
three replicated lots of three pigs per lot. Littermate 
pigs were randomly allotted across the treatments. Three 
rations containing the soybean oil meal hydrolysate with 
average digestion times of 3, 5 and 7 hours, were compared 
to a soy-lactose basal ration and a 40 percent dried skim­
milk basal ration, as shown in Table 2. This experiment 
was conducted in Unit C. 
The hydrolysis of the soybean oil meal was conducted 
at Dawe's Laboratories, Inc., Chicago, Illinois, under the 
supervision of the author and Dr. Virgil W. Hays. 
The digestion was carried out in two steel tanks, one 
having a capacity of 1000 gallons and the other a capacity 
of 200 gallons. The larger tank was steam jacketed to 
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maintain a desirable temperature throughout the digestion 
period, whereas the proper temperature was maintained in the 
smaller tank by applying live steam to the digestion mixture 
when necessary. Both tanks contained an agitator to con­
tinually stir the mixture. 
The digestion mixture was composed of 18 percent solids 
with no pH adjustment. The pH of the digestion mixture was 
approximately 6.2. Protease 30 was added at 2.0 percent of 
the solids, and chlortetracycline and streptomycin sulfate 
were each added at 10 parts per million of the total mixture 
to suppress bacterial growth. The temperature was maintained 
at 46 degrees centigrade. 
Immediately after the digestion period had begun the 
spray drying operation was started and run continuously until 
all the hydrolysate had been dried. The drier had a spinner-
type spraying head that revolved at 18,000 revolutions per 
minute. The temperature of the air entering the drier was 
approximately 232 degrees centigrade and the outlet air 
temperature was approximately 143 degrees centigrade. The 
material was forced into the spray drier under a pressure 
of 18 pounds per square inch. 
The dried hydrolysate was collected in polyethylene 
bags. After drying was completed the collection was divided 
into three groups, according to digestion time, and the 
hydrolysate within each group was thoroughly mixed. The 
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average time of digestion was calculated for each group and 
this value was used as the digestion time of the hydrolysate 
in the ration. 
Residual proteolytic enzyme activities in the 
hydrolysates were estimated by modifications of the disk-
plate technique described by Stark et al. (1953). Two agar 
solutions were used in the assay. A nonprotein agar solu­
tion was prepared by placing in a beaker 10 grams of Difco 
agar, 16.7 grams of sodium monohydrogen phosphate, 1.65 
grams of potassium dihydrogen phosphate and distilled water 
to make up a one-liter mixture. The mixture was heated to 
boiling to dissolve the agar and then cooled to 55 degrees 
centigrade. The solution was again made up to volume and 
10 ml. of the solution was poured into each glass Petri 
plate (94-mm. outside diameter), placed on a level surface. 
After the agar had solidified 5.0 ml. of a substrate layer 
was poured over the nonprotein layer. The composition of 
the substrate mixture was the same as that in the nonprotein 
mixture, except that 30 grams of dried skimmilk were added 
per liter of solution. This mixture was prepared in the 
same manner as that used in the lower layer. After the agar 
in the upper layer had solidified, the Petri plates were 
inverted and stored in a refrigerator until used in the 
assay. 
The hydrolysates were prepared for enzyme assay by 
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mixing 10 grams of hydrolysate with 125 ml. of distilled 
water. The mixture was stirred occasionally for 15 minutes 
and then 2.0 ml. of the supernatant were placed in a spot of 
a spot dish, to which had previously been added one drop of 
an antibiotic solution (0.1 gram each of chlortetracycline 
and streptomycin sulfate in 30 ml. distilled water) to con­
trol bacterial growth. The standards were prepared by mixing 
10 grams of the soybean oil meal used for the hydrolysate 
with 125 ml. of distilled water. To this mixture was added 
0*2 gram of enzyme, which made a mixture containing the 
enzyme at the level of 2.0 percent of the solids. After 
standing for 15 minutes with occasional stirring, serial 
dilutions were made from the supernatant to make standards 
with 2.0, 1.0, 0.5 and 0.25 percent enzyme concentrations. 
Two ml. of each of these standard dilutions were added to 
spots in a spot dish, to which one drop of the antibiotic 
mixture had been added. 
Filter paper disks (Schleicher and Schuell No. 740-E, 
12.7-mm. diameter), four for each sample, were individually 
grasped with a fine-pointed forceps and touched to the 
enzyme solution in the spot dish until saturated by absorp­
tion up the disk. Four saturated disks were uniformly 
spaced on the substrate in each Petri plate. The plates 
were then inverted and placed in stacks of four in an incu­
bator set at 37 degrees centigrade. 
51 
After 16 hours of incubation the plates were removed 
from the incubator and diameters of zones of hydrolysis 
(clear areas surrounding the disks) were read on a Fisher-
Lilly antibiotic zone reader (Fisher Scientific Company, 
Pittsburgh, Pa.). 
A standard curve was constructed from the zone readings 
of the standard solutions and enzyme concentrations in the 
hydrolysates were determined by plotting the zone readings 
obtained on the standard curve. 
The extent of hydrolysis of each hydrolysate was esti­
mated by a formol titration procedure of Dworschack et al. 
(1952). Four-gram samples of hydrolysates were tested for 
degree of hydrolysis. To determine the amount of free 
amino nitrogen present before hydrolysis the unhydrolyzed 
soybean oil meal used in this experiment was tested by this 
procedure. 
Results and discussion. The experimental plan and 
analysis of variance are shown in Table 22. Summaries of 
pig gains and feed required per pound of gain are presented 
in Figure 6 and Table 21, the degrees of hydrolysis of the 
hydrolysates are shown in Table 9 and the residual enzyme 
activities in the hydrolysates are shown in Table 10. 
Feeding the predigested soybean oil meal decreased 
both gains and feed efficiency of the pigs on this experi­
ment. These depressions in gains and feed efficiency 
Figure 6. Experiment 978 - effects of soybean oil meal 
hydrolysates, predigested with Protease 30, 
on baby pig gains and feed efficiency 
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approached statistical significance. The pigs fed the 40 
percent dried skimmilk ration gained significantly more and 
required significantly less feed per pound of gain than the 
pigs fed rations containing soybean protein. 
Approximately three-fourths of the proteolytic enzyme 
activity added to the soybean oil meal for hydrolysis was 
present in the hydrolysates. 
Experiment 979 
Objectives. The purpose of this experiment was to 
determine if baby pig gains and feed efficiency would be 
improved by feeding rations in which the soybean oil meal 
had been predigested with pancreatin. 
Procedure. The general procedures in allotment of pigs, 
ration treatments, predigestion of soybean oil meal and 
measurements of degree of hydrolysis and residual enzyme 
activities in the hydrolysates were the same as in Experi­
ment 978. The hydrolysates in this ration had average 
digestion times of 2, 6 and 9 hours. Two percent pancreatin 
(N.F.) was used to hydrolyze the soybean oil meal and the 
temperature was maintained at 37 degrees centigrade. The 
soy-lactose and 40 percent dried skimmilk basal rations are 
shown in Table 2. 
Results and discussion. Figure 7 and Table 23 show the 
summaries of pig gains and feed efficiency. The experimental 
Experiment 979 - effects of soybean oil meal 
hydrolysates, predigested with pancreatin, on 
gains and feed efficiency of baby pigs 
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plan and analysis of variance aire shown in Table 24. The 
degrees of digestion of the hydrolysates are shown in Table 
9 and the proteolytic enzyme activities remaining in the 
hydrolysates are presented in Table 10. 
The gains from each of the hydrolysates were less than 
the gains obtained from the soy-lactose basal ration; how­
ever, this difference was not statistically significant. 
This lack of response to pancreatin predigested soybean oil 
meal may be due to low hydrolysis by this enzyme at the pH 
of approximately 6.2, which is much lower than the 7.5 to 
8.5 optimum pH for proteolytic activity of pancreatin. 
Approximately 25 percent of the proteolytic enzyme activity 
added to the soybean oil meal was recovered in the 
hydrolysates. 
The pigs fed the 40 percent dried skimmilk ration gained 
significantly faster than the pigs fed the other rations. 
The feed required per pound of gain was lowest in the pigs 
fed the dried 40 percent skimmilk ration. 
Experiment 1004 
Objectives. This experiment was conducted to test the 
effect of hydrolysis (Pancreatin, N.F.) of raw soya flour 
on pig gains and feed required per pound of gain. 
Procedure. Fifty-six pigs were randomly allotted 
across seven ration treatments with four pigs per pen and 
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two pens per treatment. The average initial age and weight 
of the pigs was 15.6 days and 8.8 pounds, respectively. 
The experiment was conducted in Unit C. 
The basal rations used in this experiment are presented 
in Table 2. The hydrolysate rations contained raw soy 
flour which had been predigested with pancreatin (N.F.) for 
0, 2, 4 and 6 hours. 
The hydrolysis of the raw soy flour was conducted at 
Midwest Dried Milk Company, Dundee, Illinois. The digestion 
mixture contained 20 percent raw soy flour, to which pan­
creatin (N.F.) was added as 2.0 percent of the solid material. 
Chlortetracycline and streptomycin sulfate were each added 
at the level of 10 parts per million of the complete mixture 
to control bacterial growth. Hydrolysis was carried out at 
54 degrees centigrade and no pH adjustment was made. 
At the termination of each digestion period the mixture 
was heated to 82 degrees centigrade for 10 minutes to 
destroy enzyme activity. The mixture was then cooled down 
to 55 degrees centigrade by adding liquid whey and this 
mixture was dried on a roller drier. The whey was added not 
only to cool the raw soy hydrolysate mixture, but also to 
make a product that was more easily dried on the roller 
drier than the raw soy hydrolysate alone. The dried 
hydrolysate, which contained 69 percent raw soy flour and 
31 percent whey, was stored in polyethylene bags until used 
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in the experimental rations. 
Formol titration and enzyme activity procedures used in 
this experiment are presented in Experiment 978. The raw 
soy controls contained the same amounts of raw soy flour and 
whey as the hydrolysate samples. Antitrypsin activity was 
estimated by adding 2.0 percent pancreatin (N.F.) to each 
of the raw soy hydrolysates and comparing the enzyme activity 
remaining after standing for 15 minutes in a mixture with 
water to that of the raw soy control, to which 2.0 percent 
pancreatin (N.F.) had been added. 
Results and discussion. The experimental plan and 
analysis of variance are presented in Table 26. Summaries 
of gains and feed required per pound of gain are presented 
in Figure 8 and Table 25. 
No residual enzyme activity remained in any of the 
hydrolysates, as shown in Table 10. The measurement of 
antitrypsin activity remaining in the hydrolysates, as 
presented in the same table, shows that nearly all of the 
original activity remained in the zero-hour hydrolysate, 
less was present in the two-hour hydrolysate and all of the 
activity had been destroyed by the time the raw soy flour 
had been digested for four hours. 
As presented in Table 9, very little hydrolysis of the 
raw soy flour took place during the digestion period. 
There was, however, a slight increase in hydrolysis with 
Figure 8. Experiment 1004 - effects of predigestlon of raw soy flour 
with pancreatin on baby pig gains and feed required per 
pound of gain 
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increasing digestion times. 
Statistically significant improvements in pig gains and 
feed efficiency were obtained from the pigs fed the raw soy 
hydrolysates, as compared to the pigs on the raw soy basal 
ration. Probably the destruction of the antitrypsin activity 
accounted for most of the improvements in pig performance by 
digesting the raw soy flour. There was a significant 
quadratic response in gains and feed required per pound of 
gain within hydrolysate treatments, with the largest gains 
and most efficiency in feed conversion in the pigs fed 
rations containing the two- and four-hour hydrolysates. 
The pigs on the soybean oil meal basal and the 40 per­
cent dried skimmilk basal rations gained significantly more 
and required significant]y less feed per pound of gain than 
the pigs on the raw soy treatments. Even though enzymic 
treatment of the raw soy flour increased baby pig per­
formance, the pigs on the raw soy hydrolysate rations did 
not equal those on the soybean oil meal ration in gains and 
feed efficiency, which shows that the trypsin inhibitor is 
not the only factor involved in decreased performance from 
raw soy flour in baby pigs. 
Experiment 1005 
Objectives. The purpose of this experiment was to 
determine if gains and feed conversion in baby pigs would be 
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Improved by feeding rations containing soybean oil meal that 
had been predigested with Pabst L-56-D. 
Procedure. The general procedures in allotment of pigs, 
ration treatments and measurements of degree of hydrolysis 
and residual enzyme activities in the hydrolysates were the 
same as in Experiment 978. The soybean oil meal hydrolysates 
in this experiment had average digestion times of 1, 6 and 
9 hours. Two percent Pabst L-56-D was used to hydrolyze the 
soybean oil meal at a temperature of 40 degrees centigrade. 
The soy-lactose and 40 percent dried skimmilk basal rations 
are presented in Table 2. 
Results and discussion. The experimental plan and 
analysis of variance are presented in Table 28. Summaries of 
pig gains and feed conversion are presented in Figure 9 and 
Table 27. 
Average gain of the pigs fed each of the hydrolysate 
rations was larger than that obtained from the soy-lactose 
basal. Within the hydrolysate treatments the pigs fed the 
nine-hour hydrolysate made the greatest gains. The pigs on 
this treatment also had slightly improved feed conversion, 
as compared to the other ration treatments. The pigs fed 
the 40 percent dried skimmilk ration made significantly 
higher gains than those on the other treatments. 
The pH at which the digestion of the soybean oil meal 
was carried out was near the optimum pH for Pabst L-56-D, 
Figure 9. Experiment 1005 - effects of soybean oil meal 
hydrolysates, predigested with Pabst L-56-D, 
on gains and feed efficiency of baby\pigs 
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which is 5.75. The degrees of hydrolysis as shown in Table 
9, however, are quite similar to those obtained from enzymes 
in which the pH optimums were not so close to that at which 
the hydrolysis was conducted. 
As shown in Table 10, 1.89 percent residual enzyme 
activity was found in the hydrolysates. This adds 0.62 per­
cent Pabst L-56-D to the hydrolysate rations. Since in­
creased gains had previously been obtained by supplementing 
baby pig rations with this enzyme, it is possible that the 
increase in pig gains observed by feeding the hydrolysates 
was due to the residual enzyme activity in the hydrolysates 
and not to protein hydrolysis ; however, this be the case 
one would not expect on further improvement in pig gains 
from longer periods of predigestlon of the soybean oil meal. 
Experiment 1029 
Objectives. This experiment was conducted to study 
the effects of enzymic (Pabst L-56-D) hydrolysis of raw and 
toasted soya protein on apparent digestibility of protein 
and on gains and feed efficiency in baby pigs. 
Procedure. This experiment was conducted during two 
periods in Unit E. The first experimental period, which 
lasted nine days, was followed immediately by the second 
period, which run 21 days. Four ration treatments were 
compared with eight individually fed pigs per treatment. 
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Littermate pigs were randomly allotted across treatments. 
Raw and toasted soybean protein basal and hydrolysate rations 
were tested. The basal rations are shown in Table 2. 
The preliminary feeding periods were handled the same as 
that in Experiment 839. The pigs were placed on experiment 
at an average age and weight of 14.3 days and 7.6 pounds, 
respectively. After the pigs had been on experiment four 
days total fecal collections were made for five days. The 
handling and analysis of the fecal material were the same as 
that explained in Experiment 839. 
Digestibility data were obtained from all of the pigs in 
the experiment; however, growth and feed conversion data 
were obtained only from the 16 pigs on test during the 
second experimental period. One of the pigs in the latter 
period refused to eat and was removed from the experiment. 
Missing values were calculated on growth, feed conversion 
and apparent digestibility of protein in this pig by methods 
described by Snedecor (1956). 
The soybean oil meal hydrolysate in this experiment was 
the same as the nine-hour hydrolysate used in Experiment 
1005. The raw soy hydrolysate was produced by Midwest Dried 
Milk Company, Dundee, Illinois. 
In preparing the raw soy hydrolysate an aqueous mixture 
containing 20 percent raw soy flour was used. To this 
mixture was added Pabst L-56-D at the level of 2.0 percent 
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of the solids and chlortetracycline and streptomycin sul­
fate, each at 10 parts per million of the complete digestion 
mixture to control bacterial growth. The hydrolysis was 
carried out for nine hours at a temperature of 40 degrees 
centigrade, with constant agitation. No pH adjustments were 
made. 
At the end of the digestion period liquid whey was added 
to the slurry and this mixture was then dried on a roller 
drier. The dried material, which contained 50.3 percent raw 
soy flour and 49.7 percent whey, was stored in polyethylene 
bags. 
Enzyme activity and formol titration procedures used 
in this experiment are presented in Experiment 978. The raw 
soy control contained the same amounts of raw soy flour and 
whey as the hydrolysate samples. Antitrypsin activity was 
estimated in the raw soy hydrolysate by adding 2.0 percent 
pancreatin (N.F.) to the hydrolysate and comparing the 
enzyme activity remaining after standing for 15 minutes in 
anaqueous mixture to that obtained from the raw soy control, 
to which 2.0 percent pancreatin (N.F.) had been added. 
Results and discussion. Figure 10 and Table 29 show 
summaries of pig gains and feed conversion. The experi­
mental plan and analysis of variance on pig gains and feed 
efficiency are presented in Table 30. Summaries of apparent 
digestibility of protein are shown in Figure 11 and Table 31, 
Figure 10. Experiment 1029 - effects of hydrolysis of 
raw soy flour and soybean oil meal with 
Pabst L-56-D on baby pig gains and feed 
required per pound of gain 
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raw soy flour and soybean oil meal with 
Pabst L-56-D on apparent digestibility of 
protein in three-week-old pigs 
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and analysis of variance on apparent digestibility of protein 
are presented in Table 32. 
The apparent digestibility of protein in the pigs fed 
the raw soy hydrolysate was significantly higher than in the 
pigs fed the raw soy basal ration. The apparent digesti­
bility of protein was slightly, but not significantly, higher 
in the pigs on the raw soy hydrolysate than in those fed the 
soybean oil meal basal and soybean oil meal hydrolysate 
rations. This comparison should be made with reservation, 
however, since in the raw soy hydrolysate ration whey con­
tributed 3.1 percent protein to the diet, whereas this 
animal protein source was not present in the soybean oil 
meal treatments. There was no appreciable difference in 
apparent digestibility of protein in the pigs fed the soy­
bean oil meal hydrolysate and those on the soybean oil meal 
basal ration. 
Gains and feed efficiency were significantly improved 
by hydrolysis of the raw soy flour. Pig performance, both 
in gains and feed conversion, was significantly higher in 
the pigs fed soybean oil meal rations than in the pigs fed 
raw soy rations. The pigs on the soybean oil meal 
hydrolysate required slightly less feed per pound of gain 
than the pigs fed the soybean oil meal basal ration, but 
there was no appreciable difference in gains between these 
two groups. 
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Hydrolysis of the raw soy protein by enzyme digestion 
was only slight, as shown in Table 9« Table 10 shows that 
the antitrypsin activity had been destroyed in the raw soy 
flour during the digestion period. Therefore, it appears 
that much of the improvement in pig performance by treatment 
of the raw soy flour could have been due to destroying 
antitrypsin activity instead of protein hydrolysis. 
Experiment 1044 
Objectives. Since no improvements in gain and feed 
efficiency were obtained by pancreatic predigestion of soy­
bean oil meal with no pH adjustment in Experiment 979» this 
experiment was conducted to test the effect, on baby pig 
performance, of predigestion of soybean oil meal by pan-
creatin, with pH adjustment. 
Procedure. Sixty pigs were randomly allotted across 
five ration treatments from littermate outcome groups. The 
experiment was comprised of three replications of treatments 
containing four pigs per replication. Three soybean oil 
meal hydrolysates, predigested for 2, 4 and 8 hours were 
tested. The soy-lactose and 40 percent dried skimmilk basal 
rations are shown in Table 2. 
This experiment was conducted in Unit C with pigs of 
average initial weight and age of 10.1 pounds and 15.2 days, 
respectively. 
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The 50 percent soybean oil meal hydrolysates were pro­
duced by Vy-Lactos Laboratories, Des Moines, Iowa, under the 
supervision of the author and Dr. Virgil W. Hays. 
A 400 gallon steel tank with a rotary type agitator was 
used in the production of the hydrolysates. A 20 percent 
soybean oil meal mixture was used, to which pancreatin, 
N.F. at a level of 2.0 percent of the solids and 
chlortetracycline and streptomycin sulfate, each at the level 
of 10 parts per million of the total mixture, were added. 
The temperature was maintained at 37 degrees centigrade by 
heating the water before digestion was started and applying 
live steam to the digestion mixture when necessary, and the 
pH was maintained at 7.8 to 8.2 by adding a solution of 
sodium hydroxide. 
The hydrolysates were produced in three periods with 
250 pounds of soybean oil meal used per batch. After the 
digestion period was completed the material was spray dried. 
The temperature of the air entering the spray drier was 196 
degrees centigrade and the outlet temperature was 68 degrees 
centigrade. The time the drying procedure started was 
designated as the digestion time used in the feeding trial. 
Eacn batch was thoroughly mixed before being added to the 
experimental ration. 
Results and discussion. Figure 12 and Table 33 show 
the summaries of pig gains and feed required per pound of 
Figure 12. Experiment 1044 - effects of soybean oil 
meal hydrolysates, predigested with pan­
creatine on baby pig gains and feed re­
quired per pound of gain 
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gain. The experimental plan and analysis of variance are 
presented in Table 34 and residual enzyme activities in the 
soybean oil meal hydrolysates are shown in Table 10. 
The pigs fed the rations containing the soybean oil 
meal hydrolysates gained significantly less and, required 
significantly more feed per pound of gain than the pigs on 
the soy-lactose basal ration. In comparison to the soy-
lactose basal rations pig performance of the pigs fed the 
hydrolysates was actually lower in this experiment, where 
hydrolysis of the soybean oil meal was carried out at the 
optimum for the enzyme, than in Experiment 979, where di­
gestion was conducted at a pH much lower than optimum for 
pancreatin. The degrees of hydrolyses, as presented in 
Table 9, do show more digestion of the soybean oil meal 
protein in this experiment than in Experiment 979. A com­
parison of this experiment with Experiment 979 indicates 
that increasing the hydrolysis of the soybean oil meal used 
in the rations does not improve baby pig performance. 
The dried hydrolysates had a pH near 7.5 and tasted 
slightly soapy; however, feed intake was not appreciably 
different on hydrolysate rations than on the soy-lactose 
basal, which shows that palatability was not a major factor 
in decreasing baby pig performance. 
The proteolytic enzyme activity recovered in the 
hydrolysates were 0.83, 0.44 and O.71 percent for the 
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2-, 4- and 8-hour hydrolysates, respectively. Some fer­
mentation was observed in the four-hour hydrolysate near the 
end of the digestion period, and this may account for the 
lower residual proteolytic enzyme activity in this 
hydrolysate. 
The pigs fed the 40 percent dried skimmilk ration gained 
significantly more and required significantly less feed per 
pound of gain than the pigs fed soybean oil meal protein 
rations. 
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GENERAL DISCUSSION 
Feeding of Enzymes 
In Experiment 805, where four proteolytic enzymes of 
bacterial and fungal origin were each fed at levels of 0.25, 
0.50 and 1.0 percent of a com-soybean oil meal ration, in­
creased gains were obtained by supplementation with 0.25 
percent Pabst L-56-D; 0.25 percent Pabst L-276; 0.25, 0.50 
and 1.0 percent Rhozyme B-6; and 0.25 and 0.50 percent 
Rhozyme P-ll. The supplementation of 0.25 percent pepsin 
(1:3000) in this experiment resulted in a 12.1 percent in­
crease in pig gains over the pigs fed the corn-soybean oil 
meal basal ration. This is in agreement with Baker (1959), 
who reported increased pig performance by adding 0.25 per­
cent pepsin (1:3000) to soybean protein rations. Baker 
(1959) also reported increased pig gains by adding 1.0 
percent Rhozyme B-6 and Rhozyme P-ll to soybean protein 
rations. 
Much variation was obtained in baby pig performance 
in Experiments 812 and 830 from supplementation with 0.125, 
0.25 and 0.50 percent Pabst L-56-D to a corn-soybean oil 
meal ration. In Experiment 812 all levels of supplemental 
enzyme increased pig gains over the basal ration in pigs 
that were heavier in body weight when placed on experiment 
with greatest gains in the pigs fed 0.50 percent enzyme ; 
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however, the pigs that were lighter in body weight at wean­
ing gained less when Pabst L-56-D was added to the ration. 
The pigs that were heavier at weaning gained significantly 
more during the experimental period than the lighter pigs. 
The addition of the enzyme or initial body weight had no 
appreciable affect on feed efficiency. These results indi­
cate that faster gaining pigs with greater feed intake would 
benefit more from supplemental enzymes than slower gaining 
pigs that consumed less feed; however, in Experiment 830, 
where gains were greater than in Experiment 812, only 0.125 
percent added Pabst L-56-D increased gains over the pigs 
fed the basal ration. Pigs on this level of Pabst L-56-D 
gained 18.5 pounds as compared to 16.8 pounds for pigs on 
the basal ration. 
The incidence of scouring was much less in Experiment 
830 than in Experiment 812, especially during the first two 
weeks of the experimental period, which may explain the in­
consistency of response to enzyme levels in the faster 
gaining pigs of Experiment 830 as compared to Experiment 
812. By summarizing 12 experiments according to degree of 
pig scouring, Baker (1959) found that in experiments where 
moderate to severe scouring occurred a 16.5 percent increase 
in pig gains and an 8.1 percent increase in feed efficiency 
were obtained by adding pepsin to soybean protein rations. 
In experiments where little or no scouring was present 
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there was no increase in pig gains and feed conversion was 
improved only 2.7 percent by pepsin supplementation. 
The addition of 0.125 percent Pabst L-56-D to a corn-
soybean oil meal ration in Experiment 839 failed to improve 
apparent digestibility of protein in three- or five-week-old 
pigs fed 15 or 20 percent protein rations. Gains and feed 
efficiency were not improved by enzyme supplementation. 
Very little scouring was observed in this experiment, which 
was conducted in Unit E. This low level of scouring may 
explain the lack of response to enzyme supplementation. 
Lewis (1956) and Baker (1959) were unable to obtain con­
sistent response in pig growth in this unit by enzyme 
supplementation. 
The pigs fed 20 percent protein rations in Experiment 
839 gained significantly more and required significantly less 
feed per pound of gain than the pigs on the 15 percent pro­
tein rations, which is in agreement with work by Peo et al. 
(1957) and Baker (1959)• Also in agreement with Lloyd 
et al. (1957), Baker (1959) and Hays et al. (1959) is that 
the five-week-old pigs digested a significantly larger 
percentage of the protein ingested than the three-week-old 
pigs. This adds further support to the hypothesis of Lewis 
et al. (1955) that the baby pig is deficient in proteolytic 
digestive enzymes. 
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Feeding of Hydrolysates 
In Experiments 978, 979 and 1005 soybean oil meal was 
predigested with 2.0 percent Protease 30, pancreatin (N.F. ) 
and Pabst L-56-D, respectively, for various periods of time, 
with no pH adjustment of the digestion mixtures. 
The feeding of the Protease 30 hydrolysate resulted in 
decreased gains and more feed required per pound of gain, 
when compared to a soybean oil meal-lactose basal ration. 
This agrees with the results reported by Baker (1959), who 
fed soybean oil meal that had been predigested with Rhozyme 
P-ll, a more purified enzyme preparation obtained from the 
same type of material as Protease 30. 
Predigestion of soybean oil meal with pancreatin re­
sulted in lower pig gains and had no affect on feed effi­
ciency. Contrary to these results Lewis (1956) and Baker 
(1959) obtained improvement in both gains and feed conversion 
in pigs by feeding pancreatin predigested soybean oil meal; 
however, the digestion was carried out at the optimum pH for 
pancreatin by these workers. Therefore, the degree of 
hydrolysis of soybean oil meal by pancreatin would probably 
be less in the experiment reported herein than in the 
hydrolysates fed by Lewis (1956) and Baker (1959), which 
may explain the differences in response to the hydrolysates, 
although these authors did not report the degree of 
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hydrolysis attained in the hydrolysates. 
Considering the results of Experiment 979 and comparing 
these results to those obtained by Lewis (1956) and Baker 
(1959) in feeding soybean oil meal predigested with pan­
creatin, soybean oil meal was predigested with 2.0 percent 
pancreatin (N.F.) for 2, 4 and 8 hours at pH 7.8 to 8.2 
(within the optimum pH range for pancreatin proteolytic 
activity), and the resulting hydrolysates fed to baby pigs 
in Experiment 1044. In this experiment the pigs fed the 
hydrolysates gained significantly less than those on the 
soybean oil meal-lactose basal ration. The degree of 
hydrolysis, as measured by formol titration, was greater in 
these hydrolysates than in those produced without pH ad­
justment of the digestion mixture and fed in Experiment 979. 
This indicates that increasing the degree of hydrolysis by 
this enzyme does not improve baby pig gains. 
In checking the amount of proteolytic enzyme activity 
remaining after the hydrolysates were dried, it was found 
that approximately 42, 22 and 36 percent of the original 
enzyme activity was present in the 2, 4 and 8 hour 
hydrolysates, respectively. A slight amount of fermentation 
was observed near the end of the production of the four-hour 
hydrolysate, which may have destroyed some of the original 
enzyme activity added to the digestion mixture, thus 
accounting for the lower residual proteolytic enzyme 
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activity in this hydrolysate as compared to the 2- and 8-
hour digests. Since a considerable amount of enzyme activity 
remains after spray drying the hydrolysate and since the 
hydrolysates that Lewis (1956) and Baker (1959) fed were 
prepared in a similar manner as those in Experiment 1044, 
the response these workers obtained from feeding pancreatin-
predigested soybean oil meal may have been due to proteolytic 
enzyme activity rather than hydrolysis of the protein. 
The feeding of soybean oil meal predigested for 1, 6, 
and 9 hours with 2.0 percent Pabst L-56-D resulted in in­
creased pig gains over the feeding of undigested soybean 
oil meal. There was a slight indication of improved feed 
efficiency from feeding the nine-hour hydrolysate. The pigs 
fed the soybean oil meal-lactose basal and hydrolysate 
rations gained significantly less than pigs fed a 40 percent 
dried skimmilk ration in this experiment. Digestion of the 
soybean oil meal was carried out at a pH near the optimum 
for proteolytic activity for Pabst L-56-D; however, the de­
gree of hydrolysis was no greater when this enzyme was used 
in the production of hydrolysates than when other enzymes 
were used that had optimum pH values further away from that 
present during the digestion period. 
Approximately 94 percent of the proteolytic enzyme 
activity added to the digestion mixture was recovered in 
the hydrolysate, which added 0.62 percent enzyme to the 
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hydrolysate rations. Since improved pig performances have 
been obtained by supplementing Pabst L-56-D to baby pig 
rations, the improvement in pig gains by feeding the 
hydrolysates may be due to residual enzyme activity in the 
hydrolysates rather than the increased hydrolysis of the 
protein; however, improvements in pig performance were ob­
tained by increasing the digestion time of the soybean oil 
meal. 
Predigestion of raw soy flour with 2.0 percent pan­
creatin (N.F.) for 0, 2, 4 and 6 hours (Experiment 1004) 
resulted in significantly greater pig gains and signifi­
cantly less feed required per pound of gain as compared to 
pigs fed a raw soy flour basal ration. The largest improve­
ments in gains and feed efficiency were obtained in the pigs 
fed the 2- and 4-hour hydrolysates. Very little trypsin 
inhibitor was destroyed in the zero-hour digest, more in 
the two-hour digest and all of the activity was destroyed 
when the raw soy flour had been digested for four hours. 
The degree of hydrolysis was only slight in all of the 
hydrolysates and there was no residual proteolytic enzyme 
activity left in the dried hydrolysates. Considering the 
degree of hydrolysis, antitrypsin activity and residual 
enzyme activity in the hydrolysates, it appears that most 
of the improvement in pig gains and feed efficiency was 
brought about by destruction of the trypsin inhibitor 
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activity. Westfall et al. (1948), working with mice and 
Ham et al. (19^ 5), experimenting with chicks, found that 
gains were retarded by supplementation of rations with ex­
tracts from soybean meal containing antitrypsin activity. 
The hydrolysis of soybean oil meal for nine hours with 
2.0 percent Pabst L-56-D did not appreciably affect apparent 
digestibility of protein or pig gains in Experiment 1029. 
Feed required per pound of gain was lower in the pigs fed the 
hydrolysate ration than in those on the soybean oil meal 
basal ration. In the same experiment predigestion of raw 
soy flour with 2.0 percent Pabst L-56-D for nine hours re­
sulted in significantly improved apparent digestibility of 
protein, pig gains and feed efficiency as compared with pigs 
fed the raw soy protein basal ration. The small amount of 
hydrolysis that resulted from digestion of raw soy flour 
with the enzyme and the complete destruction of both anti­
trypsin activity and proteolytic enzyme activity during 
hydrolysis indicates that the improvement in pig performance, 
when the raw soy hydrolysate was fed, was largely due to 
destruction of the trypsin inhibitor activity. 
Contrary to the results reported by Johnson et al. 
(1939) with rats, the apparent digestibility of protein was 
significantly lower in the pigs fed raw soy protein than in 
the pigs fed toasted soybean oil meal protein. The 
apparent digestibility of protein was slightly higher, but 
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pig gains and feed efficiency were poorer in the pigs on the 
raw soy flour hydrolysate ration than in those on the soy­
bean oil meal basal and soybean oil meal hydrolysate rations. 
These results suggest that trypsin inhibitor decreases 
apparent digestibility of soya protein and once this 
antitrypsin activity has been destroyed apparent digesti­
bility of the raw soya protein is as high as that of soybean 
oil meal protein, but the protein from raw soya still is 
less efficiently utilized after absorption than the protein 
from soybean oil meal. 
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SUMMARY 
Ten experiments involving 567 pigs were conducted to 
study the effects of supplementing corn-soybean oil meal 
rations with proteolytic enzymes of bacterial and fungal 
origin and the predigestion of soybean protein on baby pig 
performance. 
In one experiment the addition of 0.25 percent pepsin 
(1:3000); 0.25 percent Pabst L-56-D; 0.25 percent Pabst 
L-276; 0.25, 0.50 and 1.0 percent Rhozyme B-6; and 0.25 and 
0.50 percent Rhozyme P-ll to a corn-soybean oil meal ration 
resulted in increased pig gains. No improvement in growth 
was obtained from supplementation of 0.50 and 1.0 percent 
Pabst L-56-D; 0.50 and 1.0 percent Pabst L-276; and 1.0 per­
cent Rhozyme P-ll. Supplemental enzymes did not improve 
feed efficiency in this experiment. 
In two experiments the addition of Pabst L-56-D at 
0.125, 0.25 and 0.50 percent of a corn-soybean oil meal 
ration resulted in inconsistent responses in pig gains and 
feed efficiency. Only slight improvement in gains was ob­
tained by adding 0.125 percent enzyme to the ration, but 
no improvement in gains was obtained by supplementing higher 
levels of this enzyme. No benefit was obtained in feed 
efficiency due to enzyme supplementation. 
In a digestion trial the addition of 0.125 percent 
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Pabst L-56-D to corn-soybean oil meal rations containing 15 
and 20 percent protein did not improve growth, feed con­
version or apparent digestibility of protein. In this study 
the apparent digestibility of protein was significantly 
higher in 20 percent protein rations than in 15 percent 
protein rations. The apparent digestibility of protein was 
significantly higher in five-week-old pigs than in three-
week-old pigs, showing that age of the pigs affects the 
utilization of the plant protein in these rations. 
The feeding of soybean oil meal predigested for 3# 5 
and 7 hours with 2.0 percent Protease 30 resulted in a de­
crease in pig gains and an increase in feed required per 
pound of gain. 
Predigestion of soybean oil meal with 2.0 percent pan­
creatin (N.F.) for 2,6 and 9 hours at a pH of approximately 
6.2 resulted in a slight decrease in pig gains. When 
hydrolysis was carried out within the optimum pH range for 
pancreatin activity, the hydrolysates significantly de­
creased pig gains and significantly increased feed required 
per pound of gain, as compared to a soybean oil meal pro­
tein basal ration. The degree of hydrolysis of the soybean 
protein was increased by adjusting the pH to the optimum 
range for proteolytic activity of pancreatin. The increased 
hydrolysis of soybean protein did not improve the nutri­
tional value of soybean oil meal for baby pigs, as 
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measured by gains and feed conversion. 
In one experiment the feeding of soybean oil meal that 
had been hydrolyzed with 2.0 percent Pabst L-56-D for 1, 6 
and 9 hours resulted in increased pig gains with each 
hydrolysate and a slight improvement in feed efficiency by 
feeding the nine-hour hydrolysate. The residual proteolytic 
enzyme activity in the hydrolysates added 0.62 percent enzyme 
to the hydrolysate rations, which may have contributed to 
the increased pig gains by feeding the soybean oil meal 
hydrolysates. In a second experiment the feeding of the 
nine-hour hydrolysate slightly improved feed efficiency, 
but did not improve gains over pigs fed the soybean oil meal 
protein basal ration. Predigesting the soybean oil meal had 
very little, if any, affect on apparent digestibility of 
protein in this experiment. 
Predigestion of raw soy flour with 2.0 percent pan­
creatin (N.F.) for 0, 2, 4 and 6 hours significantly im­
proved pig gains and feed efficiency. Within the 
hydrolysates there was improved pig performance with increas­
ing destruction of the antitrypsin activity. However, 
feeding the hydrolysates, in which all of trypsin inhibitor 
activity had been destroyed, still resulted in poorer gains 
and feed efficiency than when soybean oil meal was fed, 
which shows that other factors, as well as trypsin inhibitor, 
are involved in the decreased performance of pigs fed raw 
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soy flour as compared to pigs fed soybean oil meal. 
Predigestion of raw soy flour with 2.0 percent Pabst 
L-56-D for nine hours significantly improved gains, feed 
efficiency and apparent digestibility of protein in baby 
pigs. The antitrypsin activity was destroyed in the 
hydrolysate and the degree of hydrolysis during digestion 
was only slight. The apparent digestibility of protein was 
slightly higher in pigs fed the raw soy hydrolysate than in 
pigs fed the soybean oil meal basal and soybean oil meal 
hydrolysate rations in this experiment, but pig gains were 
lower and the feed required per pound of gain was higher on 
the raw soy hydrolysate ration. These results demonstrate 
that trypsin inhibitor decreases apparent digestibility of 
soya protein, but that some other factor(s) instead of, or 
along with the antitryptic activity decreases the utiliza­
tion of raw soya protein after it has been absorbed. 
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APPENDIX 
Table 1. Composition of the basal rationsa 
Experiment 
805 830 
839b 812 805 839 
Ingredient SBOM DSN SBOM SBOM 
Ground yellow corn (9.0 percent protein) 35.50 42.30 35.85° 48.25' 
Ground oat groats (15.5 percent protein) 20.00 20.00 20.00 20.00 
Solvent soybean oil meal (5° percent protein) 20.80 9.35 20.45 7.85 
Dried skimmilk (34 percent protein) 20.00 
Dried whey (?0 percent lactose) 15.00 15.00 15.00 
Condensed fish solubles (32 percent protein) 2.50 2.50 2.50 2.50 
Stabilized lard 2.00 2.00 2.00 2.00 
Saccharin (soluble) 0.05 0.05 0.05 0.05 
Calcium carbonate (38 percent calcium) O.85 0.60 0.50 0.45 
Dicalcium phosphate (26 percent calcium) 0.60 0.50 0.95 1.20 
(18 percent phosphorus) 
0.50 Iodized salt . 0.50 0.50 0.50 
Trace mineral premix (35C-4l)u 0.20 0.20 0.20 0.20 
Vitamin-additive premix6 2.00 2,00 2.00 2.00 
Total (lb.) 100.00 100.00 100.00 100.00 
C^alculated analysis of basal rations are presented in Table 3. 
R^ation contained 15 percent protein. 
°Corn contained 9.5 percent protein. 
C^omposition of trace mineral mix (35C-41) is presented in Table 8. 
6Amounts of vitamins and additives added are presented in Table 5. 
Table 2. Composition of the basal rations9. 
Experiment 
Ingredient 
978 
979 
978 1004 
979 1005 
1005 1044 1004 1004 1029 1029 1044 
SBOM DSM Raw soy SBOM SBOM Raw soy SBOM 
20.00 33.20 20.00 20.00 20.00 20.00 20.00 
15.00 15.00 15.00 15.00 15.00 15.00 15.00 
21.80 9.65 9.65 20.20 2.65 17.50 
32.80 4.00 31.30 34.40 37.15* 
31.30 26.50 
40.00 
14.10 14.10 26.20 
2.50 2.50 2.50 2.50 2.50 2.50 2.50 
3.00 2.00 3.00 3.00 3.00 3.00 3.00 
0.40 0.20 0.45 0.45 0.45 0.45 0.50 
Ground yellow corn (8.6 
percent protein) 
Sucrose 
Lactose 
Solvent soybean oil meal 
(50 percent protein) 
Raw soybean flour (53.7 
percent protein) 
Dried sklmmllk (34 percent 
protein) 
Dried whey (70 percent 
lactose) 
Condensed fish solubles 
(32 percent protein) 
Stabilized lard 
Calcium carbonate (38 percent 
calcium) 
C^alculated analysis of basal rations are presented in Table 4. 
S^oybean oil meal contained 46.8 percent protein. 
Table 2 (cont'd) 
Experiment 
Ingredient 
978 
979 
1005 
SBOM 
978 
979 
1004 
1005 
1044 1004 1004 1029 1029 1044 
DSM Raw soy SBOM SBOM Raw soy SBOM 
Dicalcium phosphate 
(26 percent calcium) 1. 80 0. 40 1. 30 1. 30 1. 75 1. 00 1. 65 (18 percent phosphorus) 
Iodized salt 0. 50 0. 50 0. 50 0. 50 0. 50 0. 50 0. 50 
Trace mineral premix (350-41)° 0. 20 0. 20 0. 20 0. 20 0. 20 0. 20 0. 20 
Vitamin-additive premix3 2. 00 2. 00 2. 00 2. 00 2. 00 2. 00 2. 00 
Total (lb.) 100. 00 100. 00 100. 00 100, 00 100. 00 100. 00 100. 00 
5Composition of trace mineral mix (350-41) is presented in Table 8. 
Amounts of vitamins and additives added are presented in Table 6. 
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Table 3» Calculated analysis of basal rations 
Experiment 
805 830 
812 805 839 839 
Item SBOM DSM SBOM SBOM 
Protein percent 20.08 20.01 20.02 15.00 
Fat percent 4.52 4.75 4.53 4.95 
Fiber percent 2.06 1.89 2.06 2.00 
Calcium percent 0.71 0.70 0.70 0.71 
Phosphorus percent 0.60 0.60 0.60 0.60 
Vitamin A I.U./lb. 3000 3000 3000 3000 
Vitamin D2 I.U./lb. 500 500 500 500 
Riboflavin mg./lb. 5 5 5 5 
Pantothenic acid mg./lb. 10 10 10 10 
Niacin mg./lb. 30 30 30 30 
Choline mg./lb. 604 500 601 500 
Vitamin B12 meg ./lb. 20 20 20 20 
Antibiotics3- mg./lb. 50 50 50 50 
A^ntibiotics used are presented in Table 7. 
Table 4. Calculated analysis of basal rations 
Experiment 
Item 
978 
979 
1005 
978 
979 
1004 
1005 
1044 1004 1004 1029 1029 1044 
SBOM DSM Raw soy SBOM SBOM Raw soy SBOM 
Protein percent 19.21 20.04 20. 01 20.01 20.02 19. 99 20.00 
Fat percent 4.09 3.59 4. 16 4.16 4.10 4. 19 4.12 
Fiber percent 1.52 1.00 1. 48 1.48 1.57 1. 34 1.65 
Calcium percent 0.70 0.71 0. 70 0.70 0.71 0. 71 0.71 
Phosphorus percent 0.60 0.60 0. 60 0.60 0.60 0. 60 0.60 
Vitamin A I.U./lb. 3000 3000 3000 3000 3000 3000 3000 
Vitamin D2 I.U./lb. 500 500 500 500 500 500 500 
Riboflavin mg./lb. 5 5 5 5 5 5 5 
Pantothenic acid mg./lb. 10 10 10 10 10 10 10 
Nlacin mg./lb. 30 30 30 30 30 30 30 
Choline mg./lb. 502 500 598 598 523 656 559 
Vitamin B12 meg ./lb. 20 20 20 20 20 20 20 
Antibiotics9, mg./lb. 50 50 50 50 50 50 50 
A^ntibiotics used are presented in Table 7. 
108 
Table 5. Amounts of vitamins and additives added per 
pound of complete ration 
Experiment 
805 830 
812 805 839 839a 
Ingredient SBOM DSM SBOM SBOM 
Vitamin A, I.U. 2644 2577 2641 2517 
Vitamin D2, I.U. 500 500 500 500 
Riboflavin, mg. 2.5 2.6 2.5 2.6 
Pantothenic acid, mg. 3.6 4.1 3.6 4.0 
Niacin, mg. 20.1 20.3 20.1 20.2 
Choline, mg. 36 38 
Vitamin B12, meg. 20 20 20 20 
Folic acid, meg. 250 250 250 250 
Antibiotics, mg. 50 50 50 50 
B. H. T., mg.° 57 57 57 57 
3-N-4-HPAA, mg. 11.4 11.4 
aRation contained 15 percent protein. 
bAntibiotics used are presented in Table 7» 
°Butylated hydroxytoluene. 
d3-nitro-4-hydroxypheny1 arsonic acid. 
Table 6. Amounts of vitamins and additives added per pound of complete ration 
Experiment 
978 
979 
978 1004 
979 1005 
1005 1044 1004 1004 1029 1029 1044 
Ingredient SBOM DSM Raw soy SBOM SBOM Raw soy SBOM 
Vitamin A, I.U. 2782 2668 2782 2782 2782 2782 2782 
Vitamin D2, I.U. 500 500 500 500 500 500 500 
Riboflavin, mg. 4. 4 1. 0 2. 7 2. 7 4. 3 1. 3 4. 3 
Pantothenic acid, mg. 7. 1 2. 4 4. 5 4. 5 7. 0 2. 2 6. 8 
Niacin, mg. 22. 2 21. 7 21. 8 21. 8 22. 1 21. 5 21. 8 
Choline, mg. 127 
Vitamin B12, meg. 20 20 20 20 20 20 20 
Folic acid, meg. 250 250 250 250 250 250 250 
Antibiotics, mg.a 
B. H. T., mg.b 
50 50 50 50 50 50 50 
57 57 57 57 57 57 57 
A^ntibiotics used are presented in Table 7. 
B^utylated hydroxytoluene. 
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Table 7. Amount of antibiotics added to the rationsa 
Experi- Procaine 
ment Chlortetra- peni- Strepto- Baci-
number eyeline cillin mycine Nystatin tracin 
805 
812 
830 
839 
978 
979 
1004 
1005 
1029 
1044 
8 
8 
10 
10 
50 
50 
50 
50 
50 
50 
22 10 10 
22 10 10 
30 10 
30 10 
aEach amount expressed as mg. per pound of ration. 
Table 8. Composition of trace mineral mix (35C-4l)a 
Element 
Parts per million 
added to ration 
Iron 140.8 
Copper 9.8 
Cobalt 3.2 
Manganese 113.6 
Potassium 15.0 
Zinc 163.2 
aAdded at level of 0.20 percent of ration. 
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Table 9, Degree of hydrolysis of soy protein hydrolysates 
Experi­
ment 
number Treatment 
Amino 
nitrogen 
liberated 
(mg. ) 
978 SBOM control 8.6 
978 3 hr. SBOM hydrolysate (Protease 30} 18.4 
978 5 nr. SBOM hydrolysate (Protease 30; 19.7 
978 7 hr. SBOM hydrolysate (Protease 30) 21.5 
979 SBOM control 8.6 
979 2 hr. SBOM hydrolysate (Pancreatin, N.F.] 15.0 
979 6 hr. SBOM hydrolysate (Pancreatin, N.F.( 16.9 
979 9 hr. SBOM hydrolysate (Pancreatin, N.F.. 18.6 
1004 Raw soy control 9.8 
1004 0 hr. raw soy hydrolysate (Pancreatin, N. F. ) 10.2 
1004 2 hr. raw soy hydrolysate (Pancreatin, N. ,F. ) 11.6 
1004 4 hr. raw soy hydrolysate (Pancreatin, N. ,F. 11.7 
1004 6. hr. raw soy hydrolysate (Pancreatin, N. ,F. ) 12.4 
1005 SBOM ' control 8.6 
1005 1 hr. SBOM hydrolysate (Pabst L-56-D) 16.6 
1005 6 hr. SBOM hydrolysate (Pabst L-56-Dj 18.6 
1005 9 hr. SBOM hydrolysate (Pabst L-56-D) 19.6 
1029 Raw soy control 11.5 
1029 SBOM control 8.6 
1029 9 hr. raw soy hydrolysate (Pabst L-56-D) 12.9 
1029 9 hr. SBOM hydrolysate (Pabst L-56-D) 19.6 
1044 SBOM control 8.4 
1044 2 hr. hydrolysate (Pancreatin, N.F.) 16.7 
1044 4 hr. hydrolysate (Pancreatin, N.F.) 18.5 
1044 8 hr. hydrolysate (Pancreatin, N.F. ) 20.2 
F^our-gram samples tested. 
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Table 10. Proteolytic enzyme activity of soy protein 
hydrolysates 
Experi- Enzyme 
ment activity3-
number Treatment (percent) 
978 3 hr. SBOM hydrolysate (Protease 30) 1.60 
978 5 hr. SBOM hydrolysate (Protease 30) 1.50 
978 7 hr. SBOM hydrolysate (Protease 30) I.65 
979 2 hr. SBOM hydrolysate (Pancreatin, N.F. ) 0.52 
979 6 hr. SBOM hydrolysate (Pancreatin, N.F.) 0.53 
979 9 hr. SBOM hydrolysate (Pancreatin, N.F.) 0.47 
1004 Raw soy control + 2 percent pancreatin (N.F.) I.05 
1004 0 hr. raw soy hydrolysate (Pancreatin, N.F.) 0.00 
1004 2 hr. raw soy hydrolysate (Pancreatin, N.F.) 0.00 
1004 4 hr. raw soy hydrolysate (Pancreatin, N.F. » 0.00 
1004 6 hr. raw soy hydrolysate (Pancreatin, N.F.) 0.00 
1004 0 hr. raw soy hydrolysate (Pancreatin, N.F.) 
+ 2 percent pancreatin (N.F.) 1.15 
1004 2 hr. raw soy hydrolysate (Pancreatin, N.F.) 
+ 2 percent pancreatin (N.F.) 1.65 
1004 4 hr. raw soy hydrolysate (Pancreatin, N.F.) 
+ 2 percent pancreatin (N.F. ) 2.00 
1004 6 hr. raw soy hydrolysate (Pancreatin, N.F.) 
+ 2 percent pancreatin (N.F.) I.85 
1005 1 hr. SBOM hydrolysate (Pabst L-56-D) I.89 
1005 6 hr. SBOM hydrolysate (Pabst L-56-D) I.89 
1005 9 hr. SBOM hydrolysate (Pabst L-56-D) 1.89 
1029 Raw soy control + 2 percent pancreatin (N.F.) 0.97 
1029 9 hr. raw soy hydrolysate (Pabst L-56-D) 0.00 
1029 9 hr. raw soy hydrolysate (Pabst L-56-D) 
+ 2 percent pancreatin (N.F.) 2.00 
1029 9 hr. SBOM hydrolysate (Pabst L-56-D) I.89 
1044 2 hr. SBOM hydrolysate (Pancreatin, N.F.) O.83 
1044 4 hr. SBOM hydrolysate (Pancreatin, N.F. j 0.44 
1044 8 hr. SBOM hydrolysate (Pancreatin, N.F.) 0.71 
aTwo percent enzyme added to soy protein for hydrolysis. 
Table 11. Experiment 805 - Summary of pig gains and feed required per pound of gain 
Treatment» (protein) 
SBOM DSM 
Enzyme and percent added 
None Pepsin Pabst L-56-D ~ Pabst Ir»276 Rhozymo B-6 Rhogymo P-ll None 
Rep. 0.25 0.25 0.5 1.0 0.25 0.5 1.0 0.25 0.5 1.0 0.25 0.5 1.0 
2-6 week gain (lb.) 
1 13.5 17.0 19.4 14.6 16.6 18.1 13.1 14.6 14.5 16.0 16.3 15.6 15.9 15.5 18.0 
2 15.5 18.1 15.7 14.4 12.7 12.7 12.9 14.4 17.4 16.9 15.3 14.7 18.0 13.0 18.1 
Av. 14.5 17.6 17.6 14.5 14.7 15.4 13.0 14.5 16.0 16.5 15.8 15.2 17,0 14.2 18.1 
Feed/gain (lb.) 
1 1.74 1.64 1.70 1.95 1.61 1.64 2.07 1.89 1.70 1.88 1.55 1.77 1.77 1.76 1.76 
2 1.62 1.73 1.49 1.65 1.75 1.74 1.96 1.74 1.86 1.75 1.84 1.71 1.67 1.96 1.78 
Av. 1.68 1.68 1.60 1.80 1.68 1.69 2.02 1.82 1.78 1.82 1.70 1.74 1.72 1.86 1.77 
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Table 12. Experiment 805 - analysis of variance of pig 
gains and feed required per pound of gain5. 
Source of Degrees of Mean squares 
variation freedom Gain Feed/gain 
Replications 1 2.9977 0. 0011 
Treatments 14 4.2641 0. 0200 
Error 14 2.8387 0. 0143 
Total 29 3.5323 0. 0166 
differences required for significance (P < 0.05) be­
tween any two treatments in gains and feed required per 
pound of gain are 6.81 and 0.51 pound, respectively. 
114 
Table 13. Experiment 812 - summary of pig gains and feed 
required per pound of gain 
SBOM protein 
percent Pabst L-56-D added 
Rep. 0 0.125 0.25 0.50 
2-6 week gains (lb.) 
Light pigs 
1 12.4 10.9 13.2 12.0 
2 12.4 12.8 10.2 10.2 
Av. 12.4 11.8 11.7 11.1 
Heavy pigs 
1 12.3 14.9 13.2 16.2 
2 13.4 13.4 13.7 13.8 
Av. 12.9 14.1 13.4 15.0 
Feed/gain (lb.) 
Light pigs 
1 1.70 1.76 1.61 1.71 
2 1.69 1.69 1.72 1.75 
Av. 1.70 1.72 1.66 1.73 
Heavy pigs 
1 1.73 1.79 1.91 1.66 
2 1.70 1.74 1.59 1.64 
Av. 1.72 1.76 1.75 1.65 
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Table 14. Experiment 812 - analysis of variance of pig 
gains and feed required per pound of gain 
Source of Degrees of Mean squares 
variation freedom Gain Feed/gain 
Replications 1 1.5688 0.0076 
Treatments 7 3.4878 0.0032 
Heavy vs. light pigs 1 17.5777* 0.0011 
Pabst L-56-D levels 3 0.2635 0.0022 
Linear regression 1 0.2222 0.0018 
Quadratic regression 1 0.0432 0.0017 
Cubic regression 1 0.5251 0.0031 
Interaction 3 2.0155 0.0048 
Error 7 1.5578 0.0078 
Total 15 2.4592 0.0056 
D^ifference significant (P < 0.05). 
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Table 15. Experiment 830 - summary of pig gains and feed 
required per pound of gain 
SBOM protein 
percent Pabst L-56-D added 
Rep. 0 0.125 0.25 0.50 
2--6 week gains (lb.) 
1 19.4 20,, 6 20.9 18.5 
2 16.7 19.9 16.1 18.6 
3 14.4 15.0 10.6 14.4 
Av. 16.8 18.5 15.9 17.2 
Feed/gain (lb.) 
1 1.51 1.59 1.54 1.57 
2 I.67 1.51 1.67 1.58 
3 1.70 1.64 1.75 1.84 
Av. I.63 1.58 1.65 1.66 
Table 16. Experiment 830 - analysis of variance of pig gains 
and feed required per pound ' of gain 
Source of Degrees of Mean squares 
variation freedom Gain Feed/gain 
Replications 2 40.1946* 0.0264" 
Pabst L-56-D levels 3 3.6048 0.0030 
Linear regression 1 0.1190 0.0014 
Quadratic regression 1 0.1933 0.0000 
Cubic regression 1 10.5021 0.0075 
Error 6 2.4511 0.0036 
Total 11 9.6282 0.0076 
-^Difference significant (P < 0.01). 
D^ifference significant (P < 0.05). 
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Table 17. Experiment 839 - summary of pig gains and feed 
required per pound of gain 
Treatments 
15 percent protein 20 percent protein 
Pabst L-56-D Pabst L-56-D 
(0.125 (0.125 
Rep. Basal percent) Basal percent) 
2-b week gains (lb.) 
1 15.1 IE7o 21.3 19.1 
2 13.7 18.2 24.4 25.1 
3 15.9 14.0 22.4 16.8 
4 17.4 14.8 23.8 23.9 
5 18.6 18.2 19.4 17.9 
6 17.6 17.S 22.9 22.5 
7 17.8 10.3 24.9 24.3 
8 13.3 13.2 13.6 14.8 
9 15.8 16.9 22.0 23.2 
Av. 16.1 15.7 21.6 20.8 
Feed/gain (lb.) 
1 1.95 1.91 1.82 1.64 
2 1.96 1.90 1.66 I.60 
3 1.94 1.97 1.75 1.67 
4 1.86 2.06 I.58 1.6R 
5 1.95 1.99 1.54 1.56 
6 1.86 1.98 1.64 1.58 
7 2.00 2.26 I.65 1.52 
8 2.08 2.02 1.56 I.59 
9 1.99 1.87 1.53 I.65 
Av. 1.95 2.00 1.64 1.61 
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Table 18. Experiment 839 - analysis of variance of pig 
gains and feed required per pound of gain 
Source of Degrees of Mean squares 
variation freedom Gain Feed/gain 
Replications 8 17.19% 0.0052 
Treatments 3 86.00^  0.3784^  
Protein level 1 254.4ob 1.1236b 
Pabst L-56-D level 1 3.30 0.0003 
Interaction 1 0.30 0.0114 
Er-x- 24 6.68 0.0083 
To v ,1 35 15.88 0.0393 
D^ifference significant (P < 0.05). 
D^ifference significant (P < 0.01). 
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Table 19. Experiment 839 - summary of apparent digesti­
bility of protein by pigs three and five weeks 
of age 
Treatments 
20 percent protein 
Pabst L-56-D Pabst L-56-D 
(0.125 (0.125 
Rep. Basal percent) Basal percent) 
Three week digestibilities (percent) 
1 86.04 87.76 84.36 85.21 
2 84.49 81.58 78.77 85.07 
3 80.65 81.11 74.79 79.62 
4 83.55 79.52 83.42 81.71 
5 82.93 81.48 81.09 85.28 
6 81.45 79.15 82.95 84.77 
7 77.93 81.41 81.76 80.97 
8 78.59 78.98 85.65 84.27 
9 13.31 81.16 83.59 78.93 
Av. 82.10 81.35 81.82 82.87 
Five week digestibilities (percent) 
1 85.34 85.02 86.54 85.83 
2 86.55 86.28 84.82 86.58 
3 86.79 82.65 91.61 87.26 
4 84.85 86.43 84.39 87.16 
5 85.91 80.44 86.29 85.78 
6 81.73 81.29 84.11 86.90 
7 81.63 86.15 86.44 87.91 
8 82.59 81.84 84.46 87.42 
9 84.97 82.96 84.08 82.17 
Av. 84.48 83.67 85.86 86.33 
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Table 20. Experiment 839 - analysis of variance of 
apparent digestibility of protein 
Source of Degrees of 
variation freedom Mean squares 
Replications 8 7.7618 
Treatments 3 l4.0048a 
Protein levels 1 31.2708& 
Pabst L-56-D levels 1 0.0016 
Interaction 1 10.7419 
Treatments x replications 24 5.8077 
Age 1 167.6586% 
Age x replications 8 11.4701 
Age x treatments 3 3.1932 
Age x treatments/replications 24 4.3345 
Total 71 8.6834 
D^ifference significant (P < 0.05). 
D^ifference significant (P < 0.01). 
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Table 21. Experiment 978 - summary of pig gains and feed 
required per pound of gain 
Treatments (protein) 
SBOM hydrolysate (Protease 30) 
SBOM digestion time (hr. ) £>SM 
Rep. basal 3 5 7 basal 
2-6 week gain (lb.) 
1 18.9 15.4 14.2 15.6 23.4 
2 14.2 15.4 14.7 11.5 20.7 
3 J-y.y 15.8 15.o 18.2 20.8 
Av. 17.7 15.5 14.6 15.1 21.6 
Feed/gain (lb.) 
1 1.69 1.78 1.90 1.86 1.60 
2 1.91 1.88 1.90 2.20 I.67 
3 1.76 1.99 1.93 1.88 1.57 
Av. 1.79 1.88 1.91 1.98 1.61 
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Table 22. Experiment 978 - analysis of variance of pig gains 
and feed required per pound of gain 
Source of 
variation 
Degrees of 
freedom 
Mean 
Gain 
squares 
Feed/gain 
Replications 2 9.8362 0.0270 
Treatments 4 25.0844a 0.0604b 
SBOM basal vs. SBOM 
hydrolysates 1 15.0932 0.0427 
3 hr. hydrolysate vs. 5 
and 7 hr. hydrolysates 1 0.9384 0.0076 
5 hr. hydrolysate vs. 7 
hr. hydrolysate 1 0.3128 0.0074 
DSM vs. other treatments 1 83.9930* O.I837& 
Error 8 3.3150 0.0090 
Total 14 10.4664 0.0262 
D^ifference significant (r < 0.01). 
D^ifference significant (P < 0.05). 
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Table 23. Experiment 979 - summary of pig gains and feed 
required per pound of gain 
Treatments (protein) 
SBOM hydrolysate(Panereatin) 
SBOM digestion time (hr. ) DS(J 
Rep. basal 269 basal 
2-6 week gain (lb.) 
1 14.3 17.2 15.2 16.2 16.6 
2 16.3 15.6 14.4 14.4 19.0 
3 15.6 11.1 13.2 15.0 18.3 
Av. 15.4 14.6 14.3 15.2 18.0 
Feed/gain (lb.) 
1 1.79 1.75 1.74 1.76 1.64 
2 1.92 1.72 1.73 1.64 1.58 
3 1.72 2.01 1.80 1.75 1.81 
Av. 1.81 1.83 1.76 1.72 1.68 
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Table 24. Experiment 979 - analysis of variance of pig 
gains and feed required per pound of gain 
Source of Degrees of 
freedom 
Mean squares 
variation Gain Feed/gain 
Replication 2 2.7326 0.0142 
Treatments 4 6.3876 0.0118 
SBOM basal vs. SBOM 
hydrolysates 1 1.0990 0.0042 
2 hr. hydrolysate vs. 6 
and 9 hr. hydrolysates 1 O.OI87 0.0162 
6 hr. hydrolysate vs. 9 
hr. hydrolysate 
DSM vs. other treatments 
1 
1 
1.3067 
23.126oa 
0.0024 
0.0244 
Error 8 2.9082 0.0104 
Total 14 3.8772 0.0114 
D^ifference significant (P < 0.05). 
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Table 25. Experiment 1004 - summary of gains and feed 
required per pound of gain 
Treatments (protein) 
Raw soy hydrolysate (Pancreatin) 
Raw soy digestion time (hr. ) SB0M DSM 
Rep. basal 0 2 4 6 basal basal 
2-6 weok gain (lb. 1 
1 6.4 9.9 15.5 15.5 15.0 17.1 22.0 
2 8.4 10.2 15.4 15.3 11.6 18.9 19.9 
Av. 7.4 10.0 15.4 15.4 13.3 18.0 21.0 
Feed/gain (lb.) 
1 2.97 2.12 2.05 1.85 1.99 1.70 1.51 
2 2.69 2.21 1.86 1.87 1.99 1.68 1.49 
Av. 2.83 2.16 1.96 1.86 1.99 1.69 1.50 
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Table 26. Experiment 1004 - analysis of variance of pig 
gains and feed required per pound of gain 
Source of 
variation 
Degrees of 
freedom 
Mean squares 
Gain Feed/gain 
Replications 1 0.1739 0.0115 
Treatments 6 42.3429* 0.3613* 
SBOM vs. DSM 1 8.7616 0.0361 
Raw soy vs. SBOM and DSM 1 146.2686* 0.9121* 
Raw soy basal vs. raw 
soy hydrolysates 1 60.1476* 1.1222a 
Within raw soy hydrolysates 3 38.3074* 0.0325 
Linear 1 8.8078 0.0384 
Quadratic 1 28.3128* 0.0578^  
Cubic 1 1.1868 0.0012 
Error 6 1.8732 0.0084 
Total 13 20.4208 0.1715 
D^ifference significant (P < 0.01). 
D^ifference significant (P < 0.05). 
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Table 27. Experiment 1005 - summary of pig gains and feed 
required per pound of gain 
Treatments (protein) 
SBOM hydrolysate (Pabst L-56-D) 
SB0M digestion time (hr.) 
Rep. basal 1 6 9 basal 
2-6 week gain (lb.) 
1 14.7 16.4 16.5 18.5 17.4 
2 13.4 12.7 14.2 19.4 19.0 
3 15.8 16.7 15.1 13.8 22.3 
Av. 14.6 15.3 15.3 17.2 19.6 
Feed/gain (lb. ) 
1 1.81 1.80 1.75 1.56 1.75 
2 2.00 1.89 1.95 1.62 1.80 
3 1.84 1.77 1.85 1.93 1.83 
Av. 1.88 1.82 I.85 1.70 1.79 
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Table 28. Experiment 1005 - analysis of variance of pig 
gains and feed required per pound of gain 
Source of 
variation 
Degrees of 
freedom 
Mean 
Gain 
squares 
Feed/gain 
Replications 2 1.5958 0.0218 
Treatments 4 12.2825 0.0140 
SBOM basal vs. SBOM 
hydrolysates 1 3.4844 0.0191 
1 hr. hydrolysate vs.6 
and 9 hr. hydrolysates 1 1.9078 0.0038 
6 hr. hydrolysate vs. 9 
hr. hydrolysate 1 5.5296 0.0323 
DSM vs. other treatments 1 38.2082& 0.0010 
Error 8 5.3740 0.0109 
Total 14 6.8081 0.0134 
D^ifference significant (P < 0.05). 
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Table 29. Experiment 1029 - summary of pig gains and feed 
required per pound of gain 
Treatments (protein) 
Rep. 
Raw soy 
basal 
Raw soy 
hydrolysate 
(Pabst L-56-D) 
SBOM 
basal 
SBOM 
hydrolysate 
(Pabst L-56-D)a 
2-5 week gain (lb, • )  
1 5.2 9.4 9.4 
2 9.0 13.1 19.1 15.o b  
3 6.6 8.8 8.8 11.2 
4 5.9 10.0 11.2 12.2 
Av. 6.7 10.3 
1—1 CVJ H
 11.7 
Feed/gain (lb.) 
1 2.11 1.71 1.47 1.58, 
2 1.94 1.42 1.44 1.25b 
3 2.30 1.73 1.47 1.43 
4  2.02 1.87 1.63 1.39 
Av. 2.09 1.68 1.50 1.41 
D^igested for 9 hours. 
C^alculated values (Snedecor, 1956, p. 310). 
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Table 30. Experiment 1029 - analysis of variance of pig 
gains and feed required per pound of gain3. 
Source of 
variation 
Degrees of 
freedom 
Mean 
Gain 
squares 
Feed/gain 
Replications 3 28.4544k 0.0457 
Treatments 3 24.4694b 0.3641% 
Raw soy basal vs. raw 
soy hydrolysate 1 26.6450e 0.3362% 
SBOM basal vs. SBOM 
hydrolysate 1 0.3872 0.0162 
Raw soy vs. SBOM 1 46.3761% 0.7396% 
Error 9 2.7044 0.0132 
Total 15 12.2074 0.0899 
D^ifferences required for significance (P < 0.05) be­
tween any two treatments in gains and feed required per 
pound of gain are 3-63 and 0.25 pound, respectively. 
D^ifference significant (P < 0.01). 
D^ifference significant (P <0.05). 
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Table 31. Experiment 1029 - summary of apparent digesti­
bility of protein by pigs three weeks of age 
Raw soy SBOM 
Raw soy hydrolysate SBOM hydroylsate 
Rep. basal (Pabst L-56-D)a basal (Pabst L-56-D) 
Apparent digestibility (percent) 
1 72.12 81.19 77-87 78.18 
2 69.57 80.05 75.45 76.32 
3 77.68 81.67 85.45 85.31 
4 65.89 81.41 66.19 70.95 
5 82.09 84.56 85.82 87.79t. 
6 73.91 82.58 84.10 84.20° 
7 72.32 84.19 87.39 83.70 
8 78.77 85.68 82.52 87.88 
Av. 74.04 82.67 80.60 81.79 
D^igested for 9 hours. 
C^alculated value (Snedecor, 1956, p. 310). 
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Table 32. Experiment 1029 - analysis of variance of 
apparent digestibility of protein3-
Source of 
variation 
Degrees of 
freedom Mean squares 
Replications 7 90.4101% 
Treatments 3 122.5343% 
Raw soy basal vs. raw 
hydrolysate 
soy 
1 297.3900% 
SBOM basal vs. SBOM 
hydrolysate 1 5.6882 
Raw soy vs. SBOM 1 64.5248e 
Error 21 9.3829 
Total 31 38.6295 
D^ifference required for significance (P < 0.05) be­
tween any two treatments in apparent digestibility of 
protein is 4.29 percent. 
D^ifference significant (P < 0.01). 
D^ifference significant (P < 0.05). 
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Table 33. Experiment 1044 - summary of pig ga.ins and feed 
required per pound of gain 
Treatments (protein) 
SBOM hydrolysate (Pancreatin) 
SBOM digestion time (hr. ) DSM 
Kep. basal 2 4 8 basal 
2-6 week gain (lb.) 
1 16.3 11.4 11.4 10.2 18.7 
2 13.8 10.2 11.8 10.8 15.9 
3 12.8 10.7 11.1 11.5 16.4 
Av. 14.3 10.8 11.4 10.8 17.0 
Feed/gain (lb.) 
1 1.78 2.15 2.45 2.43 1.67 
2 1.88 2.10 2.25 2.11 1.80 
3 1.87 2.23 2.82 2.20 1.76 
Av. 1.84 2.16 2.51 2.25 1.74 
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Table 34. Experiment 1044 - analysis of variance of pig 
gains and feed required per pound of gain 
Source of Degrees of —Mean squares 
variation freedom Gain Feed/gain 
Replications 2 2.0321 0.0274 
Treatments 4 22.2394* O.2877* 
SBOM basal vs. SBOM 
hydrolysate 1 24.4201* 0.4784% 
Within SBOM hydrolysates 2 0.3902 0.0976 
Linear 1 0.0074 0.0113 
Quadratic 1 0.7729 0.1840% 
DSM vs. other treatments 1 63.7570* 0.4770% 
Error 8 1.1077 0.0238 
Total 14 7.2774 0.0997 
D^ifference significant (P < 0.01). 
D^ifference significant (P < 0.05). 
